The Wilfley Story ... 
is written in the production 
records of industrial plants 
throughout the world. 

It is a story that proves 


these simple but 
vital facts: 


“Provide LOWER PUMPING costs” 


thru higher efficiency 


eX ACID p 
thru longer pump life 


“COMPANIONS IN ECONOMICAL OPERATION” 
thru lower maintenance costs 


thru 24 hour, trouble-free operation 


Wilfley Sand Pumps are available 

with interchangeable metal or 

rubber parts to meet the require- 

ments of every installation. 

Write, wire or phone for complete details. 
Individual Engineering on Every Application 


A. R. WILFLEY ano SONS, inc. 


DENVER, COLORADO, U. S. A. 
N.Y. OFFICE: 122 EAST 42ND ST., NEW YORK CITY 17 
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Carset Jackbits 


DRILL FASTER 
and LAST LONGER 


Carsets being used with JR38A Jackdrill. 


INGERSOLL-RAND Carset Jackbits, with tungsten carbide 
cutting edges, have demonstrated cost saving performance 
on rock drilling jobs all over the world. 


Carset Jackbits have deeper Carbide Inserts for more 
footage between grinds—more regrinds per bit. They have 
more metal behind the inserts, providing greater support 
and longer bit life. Stronger skirt walls and greater bearing 
area on the rod shoulders enable the bit body to stand up 
for the full life of the carbide inserts. 


These longer lasting, faster drilling Carset Jackbits, to- 
gether with Ingersoll-Rand’s complete line of rock drilling 
equipment, give you an unbeatable combination for overall 
drilling efficiency. Your nearest I-R representative will be 


glad to help you pick the combination best suited to your 
needs. 


Drill Stee! 
Furnaces 


Portable 


ROCK DRILLS * COMPRESSORS * AIR TOOLS * CENTRIFUGAL PUMPS * TURBO-BLOWERS * CONDENSERS * DIESEL AND GAS ENGINES 
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Carset Jackbits are available in gauge sizes from 1%” 
to 3%”. 


Ingersoll-Rand... 


11 Broadway, New York 4, N.Y. 


‘ 
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In purposeful patterns, a lone plane drones over vast, 
unexploited reaches of a far-off land. Later, and 
thousands of miles away, Longyear geologists have 
completed geologic maps by expert analysis of aerial 
photographs . . . maps that say, “Look for copper 
in this area.” 


This is Longyear Photogeology. 


The advantages of this modern, economical science 
are many. With his broad, three-dimensional view, 
the photogeologist can increase greatly the amount 
and quality of immediate geologic coverage. In surveys 
covering large areas, aerial photographs greatly re- 
duce the costly time ordinarily required in the field. 
Photogeology answers rapidly many of the questions 
of economic feasibility of mining remote areas. 


To date, photogeology has been applied primarily 
to the oil industry. However, Longyear photo- 
geologists, having now applied it extensively and 
successfully in hard mineral exploration, recom- 
mend your serious consideration of this econom- 
ical, up-to-the-minute mapping tool. 


For consultation regarding t 


geologic mapping in your oper 


our Minneapolis office, or ca 


he value of photo- 
tions, call or write 
ble LONGCO. 


Photo courtesy of Mork Hurd Aerial Surveys 


noyear 


E. J. Longyeor Co. 
Foshay Tower 
Minneapolis 2, Minn. 
Cable LONGCO 


: Sw “Look for copper in this area | 
ox 
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PERSONNEL 


T HE following employment items are made 
available to AIME members on a non- 


profit basis by the Engineering Societies Per- 
sonnel Service, Inc. (Agency) operating in 
cooperation with the Four Founder Societies. 
Local offices of the Personnel Service are at 
8 W. 40th St., New York 18; 100 Farnsworth 
Ave., Detroit; 57 Post St., Sam Francisco; 84 
E. Randolph St., Chicago 1. Applicants should 


RESEARCH ENGINEER in ore dressing de- 
sired for laboratory research and plant 
contro! work. Experience with heavy media 
separation, cyclones, Humphrey spirals and 
magnetic separation desirable. Salary com- 
mensurate with experience. Location: North- 
ern Mi Pp housing avai 
All replies treated confidentially. Address: 


3-ME A 
29 West 39th St. New York 18 


AVAILABLE: MINING ENGINEER, 42, 
v.p.-mgr. exploration subsidiary important 
mining company, seeks resp ble position 
management or consultant. Broad experi- 
ence includes world-wide mine examina- 
tion, geological exploration; organization, 
management, consulting, metallics, non- 
metallics; some petroleum, atomic energy, 
construction; languages. Details on request. 


Box 2-ME AIME 
29 West 39th St. New York 18 


WANTED—Land man to negotiate leases 
and options for large mining explora- 
tion company in Michigan Minnesota 
and Wisconsin. Office in Minneapolis. 
Write: 

Box 1-ME AIME 
29 West 39th St. New York 18 


Ore dressing metallurgist to work 
on process development and con- 
trol in a progressive mining opera- 
tion. Liberal housing and em- 
ployee benefits. Apply for applica- 
tion form to: 
Box 4-ME AIME 

29 West 39th St. New York 18 


address all mail to the proper key numbers in 
care of the New York office and include 6c 
in stamps for forwarding and returning appli- 
cation. The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 a 


year. 
——— MEN AVAILABLE 


Mining Engineer, 32, married, B.S. 
in mining engineering. Certified mine 
foreman-fire boss (W. Va.). Five 
years underground experience mech- 
anized operations; five years evalu- 
ation of properties including organ- 
izing, analyzing, preparation of plans 
for new mines. Qualified for ap- 
praisals, cost evaluations, geological 
mapping, special reports. Two years 
experience roof control; some expe- 


(Continued on page 12) 


instruments, 


POSITION OPEN 
ELECTRICAL OR ELECTRONICS ENGINEER 


With Geophysics Division, Bear Creek Mining Company. 
Permanent staff position to take charge of instrumentation in 
the field of mining geophysics. Mainly involves precision elec- 
trical measurements in audio and sub-audio frequency range 
for the detection of electrically conductive mineral deposits. 


Scope of Responsibilities 
Design and supervise construction of new geophysical 


Improve and maintain existing geophysical instruments, 
Assist in interpretative studies of field measurements. 


Graduate degree and/or design experience desirable. Based 
in Denver, Colorado. Some travel. Apply to Geophysics Divi- 
sion, 516 Acoma Street, Denver 4, Colorado, and include 
resume of education and experience. 


RESEARCH ENGINEER 


ORE DRESSING 
HYDROMETALLURGY 
EXTRACTIVE METALLURGY 


To work on process development 
for new orebodies and process im- 
provements for established plants. 
Diversified challenging projects. 
Excellent working and living condi- 
tions. 

Stable employment in a progressive 
organization with over 25 years of 
service to the mineral industries. 
Merit advancement and profes- 
sional recognition. 

Freedom to the limit of your ability 
in the handling of projects. 


Write for Application Form to 
Personnel Division 
BATTELLE INSTITUTE 


505 King Avenue 
Columbus, Ohio 


materials. 


design and operation. 


ments in complete confidence to 


1 Chemicai Lane 
Boston 49, Massachusetts 
Att.: W. C. Maxwell, Jr. 


MONSANTO CHEMICAL COMPANY 
INORGANIC CHEMICALS DIVISION 


offers immediate openings for 
Research metallurgists, chemists, chemical engineers, ceramists, 
physical scientists, BS, MS, Ph.D, preferably with some experience. 
Outstanding opportunities to participate and lead in new expanding 
research efforts on novel and improved routes for recovery of chemi- 
cal and metallurgical values from native ores and commercial raw 


Field covers entire spectrum of exploratory and fundamental labora- 
tory investigations, process development and improvement, pilot plant 


Backgrounds in hydrometallurgy, beneficiation, solvent extractions, 
ion exchange and related fields of extractive metallurgy helpful. 
Broad freedom of action, professional and individual recognition of 
accomplishments. Extraordinary Company benefits. 

Send resume of education, experience, availability, and salary require- 


MONSANTO CHEMICAL COMPANY 
Inorganic Research 


710 North 12th Street 
St. Louis 1, Missouri 
Att.. Mr. N. A. Sargent 


ENGINEERING 
SOCIETIES 
PERSONNEL 
SERVICE, INC. 


New York 

8 West 40th St. 
Chicago 

84 East Randolph St. 
Detroit 

100 Farnsworth Ave. 


San Francisco 
50 Post St. 


This placement service is sored by 
the Four Founder Societies for its members. 
Why not make use of it? It is operated as 
@ non-profit organization. Applicants, if 
placed as a result of these listings, agree 
to pay a fee at the rates listed by the 
Service. All replies should be addressed 
to the key numbers indicated and mailed 
to the New York office. Please enclose 
six cents in postage to cover cost of mail- 
~, and return of application. 

wo weekly bulletins of engineering po- 
sitions open, one covering positions on the 
Pacific Coast and the other covering Mid- 
western and East Coast positions, are pub- 
lished and each is ilable to bers at 
a@ subscription rate of $3.50 per quarter 
or $12.00 per annum, and to nonmembers 
at $4.50 per quarter or $14.00 per annum. 
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Tournatractor quickly cleans mine floor, Op- 
erator makes effective use of rig's instant- 
shift, constant-mesh transmission to doze and 
back away in a hurry. Big tires provide plenty 
of flotation and traction, have good dura- 
bility despite the abrasive, rocky footing. Unit 
works 24 hours a day, 7 days a week, helps 
on both stripping and ore removal. 


put 


1817 mph speed on cl 


@ Rubber-tired tractor clears mine-floor after blasting 
®@ Rig also cleans up around 4'/2-yd. shovel 


® In winter, plows snow from haul roads and blast areas 


Wit drilling and blasting done 
throughout the day along an ore 
body two miles in length, this 
New York open-pit iron mine has 
a major cleanup problem. They 
have licked the problem with the 
speed and maneuverability of a 
rubber-tired Tournatractor. 


On the relatively long runs be- 
tween operating faces, this 17 
mph rig makes a much faster trip 
than could a crawler-tractor. An- 
other advantage of Tournatractor 
is that it does not cut-up the 
surface of the haul roads like a 
crawler does. 


During winter, Tournatractor also 
finds time to plow snow from the 
pit roads and loading areas. It 
also clears areas to be blasted. 


This keeps snow from getting 
mixed in with the shot rock and 
later from causing trouble inside 
the crushers. 


“Excellent on night shift” 


For work on the night shift, own- 
ers are particularly pleased with 
the lights on their Tournatractor. 
They find that “night work does 
not slow this rig nor put any 
limitations on areas where it can 
travel or work.” 


For proof of these advantages, 
ask for a demonstration in your 
pit of this high-speed 208 hp ma- 
chine. See for yourself how quick- 
ly and how economically it will 
handle your scattered pushing, 
and jobs. 


Peoria, 


A Subsidiary of Westinghouse Air 


cleanup’ Wor 


The ore body being mined here was 
discovered in 1810 by engineers survey- 
ing a military road between Albany and 
Ogdensburg. Only a small amount of 
iron was removed, however, until 1944 
when modern methods of beneficiating 
magnetite and low-grade non-magnetic 
martite ores made the operation profit- 
able. This year, 1,300,000 gross tons 
will be processed, All will be taken from 
a deposit slightly over 2 miles long 
and 200’ to 1400’ wide. Iron content 
averages 24%. Overburden includes a 
structural hanging wall of granetized 
gneiss, plus up to 60’ of glacial drift 
(mostly sand, hardpan, and boulders). 
Height of operating faces is set at 50’ 
except for some first cuts of 100’, Drill- 
ing is made with 42-T and 50-T churn 
drills, with chrome-nickel-moly bits of 
4340 grade. Nine-inch primary holes 
are spaced about 23’ apart and burden 
at toe is kept as close to 20’ as possible. 
Every pound of explosive breaks about 
2.35 gross tons of crude ore, This is 
loaded by 41 -yd. shovels into 22-ton 
rear-dumps and transported to the 54 
inch primary crusher. Rock chunks too 
big to pass the 4'-yd. dipper (about 1 
chunk per 40 tons of crude ore) are re- 
duced to handling size by a 4-ton drop 
ball handled by a truck crane. 


7, Ter, 


rk T-751-M-b 


LeTourneau- WESTINGHOUSE Company 


Illinois 


Brake Company 


works 


— 


Soe |: 


Production Was Slow 


It took only one man with a primitive 
wheelbarrow to haul away the produc- 
tion of this seventeenth-cent grind- 
ing mill. For all of its grinding was 
accomplished by just four iron-headed 
stamps. 


Today’s grinding is as fast as yester- 
day’s was slow. The modern mill pro- 
duces many tons of ore in a single day, 
thus making possible our “metal age” 


civilization. This amazing production is 
possible largely because modern mills 
utilize efficient grinding media like the 
grinding balls and grinding rods pro- 
duced by CF&I. Since they are always 
produced from special analysis steels 
that have the proper balance between 
toughness and hardness, CF&I Grind- 
ing Balls and Grinding Rods assure 
optimum grinding ability and maximum 
wearing ability. 


THE COLORADO FUEL AND IRON CORPORATION 


Albuquerque + Amarillo + Atlanta + Billings + Boise + Boston + Buffalo + Butte * Casper * Chicago * Denver * Detroit + El Paso + Ft. Worth 
Grand Junction * Houston + Lincoln (Neb.) + Los Angeles * New Orleans * New York * Oakland * Oklahoma City + Philadelphia * Phoenix 
Portland + Pueblo + Salt Lake City + San Antonio + San Francisco + Seattle + Spokane * Wichita « CF&!l OFFICES IN CANADA: Toronto * Montreal 
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Designed by KVS to handle large sizes of quarry 
rock regardless of hardness. Crushes any type ore 


or rock that will freely pass the 48" feed opening. 


FEATURES WHICH DISTINGUISH 
THE NEW KVS 
No. 48 GYRATORY CRUSHER 


Primary Crusher Power used only for 
crushing 
Gearless... Gyratory 
Model Minimum maintenance 
° and operating cost 
450 HP, 110 RPM ° 
Synchronous Motor built Produces peak capacities 
into pulley assembly e 


° All moving parts carried 
Low-head Construction on roller bearings 


Send for bulletin describing KVS Crush- 
ing Machinery and Equipment ... see 
why it costs less to own the best. 


SAUN 


MANUFACTURING & ENGINEERING CORPORATION 
TWO PARK AVENUE, NEW YORK, N.Y. © FACTORY: DANVILLE, PA. 
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GYRATORY CRUSHER 
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All HARDINGE Feeders 


from 100 POUNDS/hour to * 
100 TONS/hour are suspended from) 
the feed bin which: a 
* Eliminates costly feeder 

support structure 

* Provides accessibility to 

equipment following feeder 


 HARDINGE 


COMPANY, INCORPORATED 


YORK, PENNSYLVANIA ° 240 Arch St. ° Main Office and Works 
New York + Toronto + Chicago + Hibbing - Houston * Salt Lake City + San Francisco 
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Please Order These Publications 
from the Publishers 


Mines Register, Vol. XXV, Bardeen 
Press Inc., 425 W. 25th St., N.Y.C., 
800 pp., $25.00, 1956.—This reference 
book contains the latest available 
information on more than 5000 ac- 
tive mining companies in the West- 
ern Hemisphere that preduce pre- 
cious, semiprecious, and nonferrous 
metals. It also lists more than 20,- 
000 inactive mines, and includes sec- 
tions on metal statistics, mining se- 
curities, price ranges, and a compre- 
hensive buyers guide. 


Assay Practice on the Witwaters- 
rand, by V. S. Dillon, Transvaal and 
Orange Free State Chamber of 
Mines, 586 pp., $7.50, 1955.—Ar- 
ranged and edited by members of 
the South African Assn. of Assayers, 
this volume presents a concise and 
comprehensive guide to the latest 
methods of assaying as employed on 
the Witwatersrand. It is available 
from Central News Agency Ltd., 
P.O. Box 1033, Johannesburg. 


Geologic Atlas of Utah, Emery 
County, by W. L. Stokes and R. E. 
Cohenour, Utah Geological and Min- 
eralogical Survey, Bulletin 52, 200 
Mines Bldg., Univ. of Utah, Salt Lake 
City, 92 pp., $5.00, 1956—A pocket- 
sized booklet containing 38 colored 
plates on the geology of Emery Coun- 
ty, with index and references. The 
maps are supplemented by a text on 
mineral resources, geologic struc- 
ture, igneous rocks, and stratigraphy. 


A Handbook on Belt Conveyor De- 
sign, General Electric Co. Ltd., 
Erith, Kent, England, 148 pp., $4.30, 
1956.—This volume, compiled in 
association with Hewitt-Robins Inc., 
N. Y., gives detailed explanations 
and calcuiations for the design of in- 
dividual conveyors, with tables of 
data provided. One section deals 
with the design of conveyors for 
specific purposes, and another with 
such essentials as idlers, drive equip- 
ment, and shaft design. 


(Continued on page 12) 


New York State Geology: A 
new list of sales publications 
has been compiled by the New 
York State Museum. List is 
free, and included in listings 
are a considerable number of 
geological and paleontological 
bulletins, circulars, etc. for- 
merly considered out of print 
and available only through 
dealers. Copies may be ob- 
tained from New York State 
Museum, Albany 1, New York. 


LOW INSTALLED cost BOOKS 
Constant- 
Weight Feeder, 
| 
| 
— | Weight Feeder, 
lies 84” Disc Feeder 
: 
: 


In cramped quorters like this, Tournapull 
Reor-Dump turns in dump position, which 
moves rear wheels forward for extremely short 
wheel-base. With bow! raised, 22-ton capacity 
C Tournapull, shown, turns 180° in only 
20’ 8” wide area, without backing. 


boost pit output, cut handling 


Ir you are interested in cutting 
cycle time on your pit hauls, con- 
sider Tournapull Rear-Dumps. 


These high-production units are ex- 
tremely maneuverable, can back 
into a shovel or restricted dump 
area faster than any haulers on the 
market. They make 180° turns by 
power steer thru geared king-pin 
in less than their own length. They 
eliminate time normally wasted 
maneuvering back and forth to turn 
in narrow quarters. They also fre- 
quently eliminate expense involved 
in construction of skid-plates or 
special turn-around areas. 


Even where space is unlimited, rig’s 
90° prime-mover-turn gives you 
faster cycles. At the shovel, fast- 
maneuvering Tournapull Rear- 
Dump swings in and positions in 1 
quick move. Loading unit need not 
sit idle while hauler operator wastes 
time on a wide sweeping turn, and 
a long, slow back-in. Quick, safe 


Overall 


spotting saves additional produc- 
tion time at grizzly or dump. 


Simplicity reduces maintenance 


A great deal of your usual main- 
tenance expense is also eliminated 
because of the simplicity of Tourna- 
pull’s turn mechanism. Steering in- 
volves only an electric motor, con- 
nected to a rugged ring gear king- 
pin shaft. A flick of operator's 
finger activates motor . . . causes 
prime-mover to pivot up to 90° 
around trailing unit. Turns are 
made quickly, regardless of foot- 
ing. There are no front steering 
knuckles, no reach rods, no compli- 
cated mechanisms to get out cf 
line, maintain, or repair. 

Check these, and all the other 
advantages of Tournapull Rear- 
Dumps. See for yourself how they 
speed haul cycles and cut costs. 
Write or call, any time, for owner- 
verified production studies and 
specifications. There’s no obligation. 


| Travel position| Du 
24’8” 18’8” 


D 11 tons . 138 24’10” 
Cc 22 tons 208 29’9” 20/8” 
B 35 tons 293 35’10” 35’ 27’ 


LeTourneau-WESTINGHOUSE Company 


These features, too, 
cut -your hauling costs 


Hauls anywhere—Travels safely over 
narrow haul roads, paved highways, city 
streets... hauls cross-country over ter- 
rain, thru muck, rock, and soft fill. 


Dumps fast, clean — Electric motor 
lifts body quickly to any desired dump 
angle ... bowl tips behind rear wheels 
for clean over-bank spill. Streamlined 
body sheds material readily. 


Cuts weather delays — Power-trans- 
fer differential applies extra power to 
wheel on firmest footing... pulls rig 
through mud, sand, soft materials. 


Rugged body loads easily — Big bow! 
opening is easy loading target. Three 
layer, all-steel bow! with tool-steel floor 
resists wear and shock. Available with 
optional tailgate. 


Improves safety — More than 4 times 
the braking surface of ordinary haulers 
plus optional electrotarder, low center of 
gravity, excellent visibility, front-wheel 
drive, easy control, all contribute to 
maximum safety. 


Reduces fatigue — Big tires and air- 
foam cushioned seat smooth out ride for 
operator. Electric power steer and 2-way 
power dump make work easy. 


Insures future earnings — Behind 
basic prime-mover you can interchange 
other trail units: scraper, bottom-dump, 
lift-and-carry crane, logging-arch, flat- 
bed hauler. Keeps your Tournapull busy 
at a profit all year-around. 


Tournopull—Trodemork Reg. U.S. Pot. Off. R-1168-M-b 


Peoria, Illinois 


A Subsidiary of Westinghouse Air Brake Company 


ug + By . 
Width req'd. for 180° turn 


here 


CYRUS 


BU 
BRIE 


Your choice of five crawler mountings plus Transit 
Crane on rubber-tired carrier. 


Here’s a brand new 1-yd. profit-maker for you — 
the Bucyrus-Erie =-ES. Offered with either 

30 @ Extra equipment for special jobs —independent propel, 
crawler or rubber-tired carrier mounting, it’s third drum unit, and cathead. 
readily convertible to various front ends — shovel, 
dragshovel, dragline, crane, or clamshell. Designed to out-perform 


e@ Easy, air control for smooth, big-output working cycles. 


New ... fast ... quality-built, the 3O-B 


Easy to service — automatic lubrication of many parts. 


is just what you need in a 1-yd. machine to speed e@ Large, cool-running clutches and brakes. 

stripping and loading operations. Check the brief 
rundown of features given below; then request Built to outiast 

full details. @ Six conical hook rollers distribute loads evenly between 


upper and lower works to save wear. 


@ Five main operating clutches are alike, with parts inter- 


Matched to your needs changeable. 

@ Your choice of diesel, gasoline, or single-motor electric @ Specially-processed steels add strength and wear re- 
power. Direct or torque converter drive. sistance. 

@ Five easily-converted front ends — shovel, dragshovel, @ Strong, rigid cast revolving frame withstands twisting 
crane, dragline and clamshell. and bending stresses, maintains machinery alignment. 


199E56C-a 


| BUCYRUS-ERIE COMPANY 


BUCYRUS-ERIE COMPANY 
South Milwaukee, Wisconsin 


South Milwaukee, Wisconsin 


Gentlemen: Please send me details on the new 30-B. 


Nome 


Organization 


Address 


City State 


199E56C-a 


p 
} 
the 
: 
TOT 


Moving fast, this 550 Adams grader 
keeps pit floor clean, saving wear on 
fleets’ tires and treads. Permits driv- 
ing equipment by shortest routes, im- 
proves drainage. 


This high-speed modern grader keeps 
haul-roads in first-class condition to 
speed movement of production haulers, 
reduce wear on tires and machines. 


Cut mining costs thru better clean-up 


These are only two ways to increase 
your mining profits without a rise in 
the price of ore. You must increase 
production, or lower costs...or both. 


You may think of your grader simply 
as a maintenance tool. But in the 
hands of a good operator, a versatile, 
modern high-speed grader increases 
mining production and cuts operating 
costs. Check these 9 big ways in- 
creased grader capacity can increase 
your profits. 


Occasional spili over sides of heaped trucks 
+..@round hoppers, grizzlies, conveyors, and 
trestles. ..can litter concentrating plant area, 
slow traffic, damage tires. This Adams grader 
keeps this area clean by daily clean-up. 


1, Regular and more frequent main- 
tenance of haul roads — smooth roads 
speed hauling, save tire-wear, cut me- 
chanical maintenance, improve safety. 


2. Quick clean-up after blast—grader 
provides a fast, inexpensive way to 
move scattered fragments back against 
toe, thus protecting men, machinery, 
and tires working around pit, speed- 
ing up all pit operations. 


3. Clean pit floors — regular routine 
of maintaining wide traffic ways that 
make all areas of pit quickly acces- 
sible pays off. Equipment can travel 
to any assignment by shortest route. 
Smooth access saves wear on tires and 
crawlers, improves drainage, prevent 
dirt and refuse from weathering into 
levels of ore below floor. 


4. Maintain good housekeeping 
around plant—you need ample grader 
capacity to keep roads, runways, 
working areas around plant neat, 
clean, and workable at all times. Level 
or remove the occasional spill left by 
heaped trucks. . .from around hoppers, 
grizzlies, conveyors, trestles. Clean 
plant area speeds all mobile equip- 
ment operation around plant, reduces 
dust, improves safety. 


5. Keep stockpile toes pushed in — 
weather and loading operations re- 
sult in spread of toes around stock- 
pile. This limits working space, wastes 
stored material. Also, working thinly- 
spread toes means inferior ore grades, 
increases loading cost. Regular grader 
service helps prevent this waste. 


6. Keep dumps smoothly spread and 
level— regular grader service can 
spread dumped material clear over 
edge. Offset blade reaches far beyond 
leaning front wheels which hold 
against side thrust. A smooth, level, 
dry dump speeds hauling and dump- 
ing, cuts equipment costs, Grader can 
smooth haul road coming and going. 


7. Clean ore benches of washed-down 
dirt — every rain washes dirt into 
upper benches, lowers ore grade. 
Prompt grader service halts “wash”, 
provides planned drainage, piles 
washed-in material for easy removal 
by scraper or truck. 


8. Assist exploration teams — a mod- 
ern grader can build a well-graded 
and drained roadway in a matter 
of hours, speeds exploration work by 
maintaining good haul roads. 


9. Keeps drainage open—in a few 
hours work per week, a modern grader 
will keep ditches clean, pit dry. 


Inventory capacity of 
your present graders 


It will pay you to inventory the work 
capacity of your present graders. If 
they are more than a few years old, 
you will probably find a substantial 
saving in replacement with the faster, 
more powerful, big capacity graders 
currently on the market. We will be 
glad to assist by furnishing specifica- 
tions and comparative statistics on 
our line of modern Adams graders. 


Reprints available on request. 
AG-34-M-b 


LeTourneau- WESTINGHOUSE Company 


A Subsidiary of Westinghouse Air Brake Company 


Peoria, Illinois 


- 
ia 
5 


Books 


(Continued from page 8) 


The following pamphlets are avail- 
able from the publisher: State Bu- 
reau of Mines & Mineral Resources, 
New Mezxico Institute of Mining and 
Technology, Campus Station, Socor- 
ro, N. M. 


Geology of the Questa Molybdenum 
(Moly) Mine Area, Taos County, 
New Mexico, by John H. Schilling, 
Bulletin 51, 82 pp., $2.50, 1956.—This 
report describes the geology of the 
Questa molybdenum mine and other 
nearby prospects in detail, relates 
this picture to regional geology, and 
discusses the possibilities of future 
mineral production in the surround- 
ing area. 


Bibliography of New Mexico Geolo- 
gy and Mineral Technology, 1951- 
1955, by C. F. and J. H. Schilling, 
Bulletin 52, 136 pp., $2.00, 1956.—This 
reference is subdivided into two 
parts: a bibliography listing authors 
alphabetically, and an index listing 
subjects alphabetically under 13 
main headings. 


Lexicon of New Mexico Geologic 
Names; Part I: Precambrian and 
Lower Paleozoic, by H. L. Jicha, Jr., 
Circular 40, 56 pp., free, 1956.—This 
is the first part of a compilation of 
up-to-date geologic names used in 
the state, listing those from the Pre- 
cambrian through the Devonian. 


The Making of a Mine, by J. E. 
Allen, Circular 41, 7 pp., free, 1956.— 
Aimed at the layman, this pamphlet 
presents a brief statement of the 
various steps and possible costs 
involved in turning a mineral dis- 
covery into a profitable mine. 


Stratigraphic Studies of the San 
Andres Mountains, New Mexico, by 
F. E. Kottlowski, R. H. Flower, M. L. 
Thompson, and R. W. Foster, Mem- 
oir 1, 125 pp., $4.00, 1956.—Informa- 
tion on the surface and subsurface 
geology of this area is augmented by 
a report on three representative 
measured sections. The written de- 
scription is supported by tables, 
graphs, and plates. 


Personnel Service 
(Continued from page 4) 


rience cleaning and preparation of 
coal. Prefer Far West or Southwest. 
Employed; available short notice. 
M-295. 


Mining Engineer-Geologist, 46, 
married, one child, perfect physical 
condition. Twenty years responsible 
mining experience embracing all 
types of underground mining; ample 
managerial experience. Also geologic 
mapping, examination, and evalua- 
tion. Hold permanent Mexican pass- 
port. Location immaterial; available 
short notice. Fluent Spanish and 
French. M-296. 


Junior Geologist, B.S. in geology, 
26. No experience. Desires position 
close to New York metropolitan 
area. M-297. 


Assistant Superintendent, mining 
engineer, 32. Nine years mine ex- 
ploitation. Experience in block cav- 
ing, square sets, cut and fill open cut 
systems. Efficiency, production; abil- 
ity in handling men. Mine equip- 
ment, surveying (preparation and 
development controls), dynamite 
consumption, rock bolting. Familiar 
with tin, lead, zinc, and tungsten 
mines. Prefer South America, South 
Africa, or Spain. M-298. 


Mine Captain, B. S. in mining en- 
gineering, 38. Worked as electri- 
cian’s helper and electrician for six 
years. Underground miner and part 
time shiftboss in U. S. for three 
years. Experience after graduation 
from Montana School of Mines in 
South America with Cerro de Pasco 
Corp., started as junior engineer and 
now mine foreman. Location im- 
material. M-299. 


Assistant to Executive, M.S., 33. 
Very broad cultural and social back- 
ground. Six and one half years of 
progressively responsible experience 
in mining and civil engineering. 
Location, immaterial. M-300. 


Mining Engineer. Many years ex- 
perience placer and lode in many 
countries, covering exploration; test- 


923 Glasgow Avenue 


The Most Economical High Performance 
Spray Nozzles You Can Install 


CONCENCO® Spray Nozzles are made to in- 
stall quickly and economically to a spray line 
without threading or other complicated machin- 
ing or assembling. You simply drill an oversize 
hole, one for each nozzle, clamp on and align. 
That is all. Machined orifices provide accurate 
water supply for uniform sprays. Ideal for wet 
screening. Send for full information. 


DEISTER CONCENTRATOR CO., INC. 
The Original Deister Co., Established 1906 


Fort Wayne 3, Indiana 
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ing; drilling; design; installation, 
and operation of alluvial plants and 
smailer lode operations: tin, gold, 
tungsten, titanium, and other metals. 
Now available. M-301. 


——— POSITIONS OPEN———— 


General Superintendent, mining or 
geological engineering, with mini- 
mum of five years experience in 
metal mining. Salary, open; fully 
furnished house with water, light, 
and heat available. Away from home 
about ten days each month on 
monthly inspection of operating units. 
Location, Mexico. F4349. 


Mining Engineer, young, about 35, 
with five to ten years experience in 
Latin America either in production 
or in administration, to negotiate for 
mineral leases, develop small mines, 
buy ore, etc. Should either be an 
American citizen with a Mexican im- 
migrant visa or a Mexican citizen 
with a U. S. university education. 
Salary, to $10,000 a year depending 
upon qualifications. Location, Mexico. 
F4326. 


Minerals Separation Engineer, de- 
gree in mineral dressing, about 30 to 
40, to plan research and development 
programs in mineral separation. 
Must be sufficiently mature to direct 
two or three men and considerable 
initiative in carrying out the de- 
mands of the research program. 
Salary, $11,000 to $12,000 a year, in- 
cluding bonus. W4270(a). 


Engineers. a) Mining Engineer, 
with three to five years experience 
in general open pit mining, for man- 
ganese mine. Will be responsible to 
superintendent. Salary, $8400 to $9000 
a year. b) Assistant Mill Operator, 
for crushing and washing plant, 
primary and secondary; one to two 
years experience desirable. Salary, 
$7800 to $8400 a year. Knowledge of 
Spanish or Portuguese desirable. Lo- 
cation, Brazil. F4261. 


Superintendents. a) Mine Super- 
intendent, 30 to 40, with at least five 
years supervisory experience, for 
highly mechanized underground min- 
ing operation. b) Mill Superinten- 
dent, 30 to 40, with at least five years 
experience on Pb-Zn ores. Salary, 
open. Location, Midwest. W4241. 


Engineers for large mining opera- 
tion. a) Mining Engineer, preferably 
with five years experience, office 
procedure experience preferred to 
experience in production. c) Recent 
Graduate Engineers, for twelve- 
month trainee program. Salaries, 
open. Location, West. W4359. 


FOR SALE OR LEASE—Gold mine 
—5 miles square—Tamakay Area 
—British Guiana—all equipment 
—going concern—assays $100 to 
$300 per ton. Inquire GUY DI 
JULIO, 101 Terminal Sales Build- 
ing, Seattle, Washington. 


“Easy as filling a coffee bag,” say men who prepare Sim 


supply of 


and safe to store, Akremite can be mixed right 


at mine location. 


"How We Cut Blasting Costs 50%, Increased 


Output 20%, with New Akremite Process’’ 


Spencer prilled Ammonium Nitrate is base 


“We've found the new Akremite 
Blasting Process, now in use at our 
Cheshire, Ohio, operations, to be 
the ideal explosive for strip min- 
ing,” reports F. H. Howe, Superin- 
tendent of Ohio River Collieries. 
‘‘Because the ingredients are 
cheaper and the mixing process s~ 
much simpler, we have cut explo- 
sive costs 50% with Akremite. At 
the same time, better fragmentation 
produced by Akremite lets us move 
20% more yards per month. 


“The terrain in which we work 
is unusually difficult, but because 
Akremite is so safe and easy to 
handle, we still come out ahead.” 

Akremite, the simple but revolu- 


for new simple, safe, 


tionary new explosive, is named 
after its inventor, R. I. Akre, super- 
intendent of drilling at Maumee 
Collieries Co., Terre Haute, Ind. 
Akre uses prilled Ammonium Ni- 
trate, produced by Spencer Chemi- 
cal Company, as the base for his 
new explosive. 


By itself, ammonium nitrate is 
not an explosive. But Akre found 
that if he mixed it with carbon 
black, packed it in a polyethylene 
bag, confined it in a drill hole and 
detonated it with a high gelatin 
dynamite and primacord, it pro- 
duced a tremendous explosion. 


Recently, an independent re- 
search organization put Akre- 


low-cost explosive 


mite through a series of safety tests. 
They fired bullets into bags of 
freshly made Akremite. And they 
conducted the regular pendulum- 
friction and modified propagation- 
through-air tests. 


Not a single explosion, fire or 
crackling resulted from any of these 
tests. Akremite with Spencer 
prilled Ammonium Nitrate is not 
only cheaper and better, but many 
mines report it is the safest strip 
mine explosive they have ever used. 


(NOTE: Spencer Chemical Co. 
will be happy to provide you with 
further information about the Akre- 
mite Method as discussed by Mr. 
Howe.) 


SPENCER CHEMICAL COMPANY 


610 Dwight Building 


Kansas City 5,Mo. ¢ 


BAltimore 1-6600 
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Akremite. 


Caterpillar announces 


NEW HEAVY-DUTY 


RIPPERS 


No.4 No.6 No.8 No.9 
for CAT* Diesel Tractors 
and Traxcavators” 


* Ruggedly constructed to rip in 
extremely tough conditions — hard- 
pan, shale, asphalt, frozen ground 
and other stubborn materials! 


* Utilizes weight of tractor for 
positive ripping action at any 
depth of tooth penetration. 


* Close mounted for excellent ma- 


neuverability in cramped quarters ! 


No. 6 Ripper with No. 977 Traxcavator Three 
teeth standard with provision for two extra. Par- 
allel linkage for same cutting action on all teeth 
at any depth. Cutting width—8214”"; ground pene- 
tration—down to 16” ; length behind tracks (raised) side. Cutting width—106"; ground penetration— 


—2914”. Also for use with D6. 


Here’s a tough new line of rippers developed by 
Caterpillar to increase the versatility of rugged yellow 
Cat Diesel Tractors and Traxcavators. They come 
equipped with alloy steel teeth with replaceable tips. 
Their special design and sturdy construction enable 
you to handle jobs that were previously considered 
impractical because of difficult digging conditions. 


They’re one more example of Caterpillar’s “leader- 
ship in action” policy to produce equipment that 
helps you do more work at lower cost. For complete 
information about them, see your Caterpillar Dealer! 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A. 


No. 9 Ripper with D9 Tractor Three teeth standard. 
Ripping action is versatile—use one, two or three 
teeth. Any or all of them can be swung up and extra. 
pinned out of the way. Teeth pivot 10° to either 


down to 28”. 


No. 8 Ripper for use 
with D8 Tractor. Two 
teeth standard—de- 
signed to handle a 
third tooth. Individ- 
ual tooth control as on 
No. 9. Cutting width— 
92”; ground penetra- 
tion—down to 26”. 


No. 4 Ripper for use 
with D4 Tractor and 
No. 955 Traxcavator. 
Three teeth standard 
with provision for two 


Parallel link- 


age. Cutting width — 
71"; ground penetra- 
tion — down to 12”, 


CATERPILLAR’ 


*Caterpiliar, Cat and Trascavator are Registered 


rademarks of Caterpillar Tractor Co. 


= = 


Infrared Analyzers 

A new electronic infrared ana- 
lyzer, a simplified modification of 
the earlier LIRA model 100, is an- 
nounced by Mine Safety Appliances 
Co. New Model 200 is a less expen- 
sive instrument designed for use in 
continuous-flow chemical analysis 
problems where stability is essential 
but extreme sensitivity and selectiv- 
ity are not needed. Amplifier, optical 
bench power supply, zero and cali- 
bration controls are placed in easily 
accessible and removable units. Re- 
sponse of the Model 200 is 90 pct of 
final reading in 5 sec with an accu- 
racy of +1 pct of full scale. Circle 
No. 1. 


Drill Steel Grinder 

Atlas Copco AB announces devel- 
opment of a new drill steel grinder 
designed to withstand rough field 
handling. Air-powered, the LSB-62G 
grinder can be set up readily for 
field use and automatically sets pre- 
cision chisel edges. The 27-lb unit 
draws 53 cfm at a pressure of 85 psi. 
Circle No. 2. 


Bauxite Trailer 


A new trailer for transporting 
lightweight adhesive materials such 
as bauxite ore, is amnounced by 
Athey Products Co. Designated the 
PRB21, the 35-ton capacity rear 
dump trailer was developed to solve 
the problem of sticky ore adhering 
to the body sides of conventional 


trailers. New unit conducts concen- 
trated body heat produced by ex- 
haust gases to critical plate areas 
where ore tends to collect. Heat 
breaks the seal of the material and 
clean dumping results with the aid 
of a straight floor line and 65° dump 
angle. Hauling power is provided 
by the Caterpillar DW 21 Tractor, 
equipped with Hydrotarder for sup- 
plemental braking on long downhill 
hauls. Cirele No. 3. 


Shuttle Car 

Four years of testing indicate low 
maintenance costs for a new type of 
shuttle car. Car was developed and 
patented by Pittsburgh Consolida- 
tion Coal Co. and will be manufac- 
tured by National Mine Service Co. 
One motor supplies all power needs 


—wheels, conveyor, elevator. 


Fifty 
units are in service. Circle No. 4. 


Mining Theodolite 

Geo-Optic Co. Inc. is distributor 
for the German-made Askania min- 
ing theodolite. Type Tkg-A (shown), 
intended for underground traverse 
surveying, is adaptable to severe 
work conditions. Unit weighs only 
3% lb and tripod, set-up bar, or 


bracket mountings may be used. A 
long diagonal eyepiece makes it pos- 
sible to survey steep sites, plumb 
roof points, and sight even perpen- 
dicular to a wall face. Compact in- 
strument is protected by a metal 
hood against water, dust, and me- 
chanical damage. For surveying in 
openpit mining, the tripod-mounted 
type Tkg-B theodolite with straight- 
view eyepiece is used. Circle No. 5. 


Shovel-Dragline-Crane 

Baldwin-Lima-Hamilton Corp. 
offers a new air controlled unit, the 
Lima Type 1250, available as a 
shovel, dragline, or crane. As a 
standard shovel, the 1250 is equipped 
with a 28-ft boom, 22-ft dipper 
handle, and 3-cu yd bucket. As a 
high lift shovel, it is equipped with 
a 45-ft boom, 32-ft dipper handle, 
and 2%-cu yd bucket. Design per- 
mits knockdown for haulage into 
units of less than 60,000 Ib. Avail- 
able are diesel, gasoline, and electric 
power plants with torque converters. 
Circle No. 6. 
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Equipment 
Catalogs 


on 


Magnetic Separator 

Designed for recovery of magne- 
tite or ferrosilicon media in coal or 
ore processing, the new Model M 
type WPD permanent drum mag- 
netic separator is claimed to pro- 
duce concentrate of high specific 
gravity, even from nondensified 
slurry feeds. A permanent magnet 
assembly lifts out inagnetic particles 
from feed as it flows under a rotating 


drum. Capacity of the unit by Stearns 
Magnetic Products is rated at an 
average 8 gpm per in. of magnet 
width. Widths available are 15, 30, 
45, 60, and 75-in. Circle No. 7. 


PVC Valves 

A new series of general purpose 
rigid polyvinyl chloride valves fea- 
turing corrosion resistance, constant 
flow, and immunity to electrolysis 
and galvanic action is available from 
Chemtrol Corp. Chemtrol valves op- 
erate up to 170 psi in continuous 
duty, and in lower pressure systems 
may be used safely at temperatures 
up to 170°F. Circle No. 8. 


News & Notes 


Caterpillar Tractor Co. announces 
watercooled exhaust manifolds on 
D375 and D397 turbocharged engines. 
Watercooling offers two prime ad- 
vantages in certain installations. En- 
gine room temperatures are re- 
duced, providing more comfortable 
conditions for operating personnel; 
and installations are made safer by 
reducing fire hazard . . . F. L. Smidth 
& Co., engineers and equipment man- 
ufacturers for the cement and other 
industries, schedules full production 


shortly for new facilities at Leba- 
non, N. J. Coordinated with an ex- 
isting plant, the new unit will much 
increase manufacturing capacity. 
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HIOAL Air Leg and Drill Combina- 
tion at work. Note ease with which 
operator can adjust feed pressure. 


yet maintenance cost only $48.00 


Le Roi-Cleveland HIOAL Air Leg, 
with superior construction and 
performance, keeps costs low. 


Uranium mine reports increased 
footage, lower maintenance, 
when Le Roi-Cleveland HIOAL 
Air Leg and Drill Combinations 
are in use. 


Drilling an accumulated footage 
of two and one-half miles through 
solid rock is a real test of equip- 
ment. By keeping accurate records, 
one of the leading metal mines in 
the West found that the use of 
Le Roi-Cleveland H10AL Air Leg 
and Drill Combinations greatly re- 
duced maintenance costs while in- 
creasing footage. 


For drilling 13,500 feet of hole, 
this cost was only $48.00. 


Ask the miner at the face. He may 
not be so directly concerned with 
overall operating and maintenance 
costs, but he will tell you that his 
work is easier and he gets more foot- 
age with a Le Roi-Cleveland H10AL 
Air Leg and Drill Combination. 
The miner knows his tools; he 
takes pride in their performance. 
He favors too, the drill combination 
that makes his work easier so that 
he is less tired at the end of his 
shift. That means more work per 


man-hour and a major contribution 
to lower costs. 


Easier-to-handle means more work 


per man-hour. Here are the reasons 
why the miner finds Le Roi-Cleve- 
land H1OAL Air Leg and Drill 
Combinations the easiest equipment 
to handle: 


(1) Only Le Roi-Cleveland pro- 
vides an air leg and drill with a 
built-in 11-position feed. control — 
eliminating a third hose and cum- 
bersome “Y”’ connections — reduc- 
ing the weight he has to handle. 


(2) The miner does not have to 
continuously bleed-off air to main- 
tain suitable feeding pressure. 


(3) He finds steel-changing easier, 
faster, with the new quick-opening 
steel puller. 


Higher drilling speed regardless of 
varying rock conditions. Le Roi- 
Cleveland H10 Drill is one of the 
fastest drilling-sinkers made today. 
Combine this speed with the built- 
in feed control — providing 11 feed- 
ing positions from zero to full-line 
pressure, with an increase of 9-psi 
at each setting — and you have 
equipment with real production 
capacity and great stamina. 


Division of Westinghouse Air Brake Co. 


MILWAUKEE 1, WISCONSIN 


This is a feature that enables the 
miner to adjust the feed so that the 
drill is always down on the collar 
of the shank for maximum drilling 
speed, regardless of varying rock 
conditions. 


Why maintenance is so low. 
Le Roi-Cleveland drills have stam- 
ina. They are built to take it. They 
stand up to the cruelest, hardest 
punishment that a drill can face — 
giving longer, better service. 

Rotation strains are practically 
eliminated by the Le Roi-Cleveland 
Air Leg which holds the drill in 
line with the hole, reducing front- 
end drill wear. 

Moreover, the new steel-puller 
helps to reduce maintenance costs 
still further. Consisting of only five 

arts, with one spring, one plunger, 
it’s lubricated from the inside to 
prevent wear and to wash out dirt. 

High drilling speed with low up- 
keep cost make Le Roi-Cleveland 
Rock Drills the first choice in min- 
ing equipment. 

There are four types of Le Roi- 
Cleveland Air Legs available. Write 
for bulletin RD-30 that describes the 
Le Roi-Cleveland Air Leg in detail 
—the Air Leg that helps you get 
your round in faster at lower cost. 


| 


(21) FLOTATION MACHINE: Den- 
ver Eqpt. Co. has a new flotation 
machine designed for high tonnage 
roughing and scavenging operations. 
Tested for several years, the Type 
M is claimed to handle large ton- 
nage in small space while reducing 
tailings losses. High velocity agita- 
tion is employed along with me- 
chanically entrained air which is 
dissolved under pressure to promote 
nascent air. Added efficiency per- 
mits lower horsepower per cubic cell 
volume. 


(22) MINE HOISTS: Nordberg Mfg. 
Co. has a 24-page bulletin of on-the- 
job photos of mine hoists around the 
world in almost every size and type 
of installation. In any hoist applica- 
tion—cylindrical, conical, or cylin- 
dro-conical drums of conventional or 
tandem type—Nordberg offers their 
engineering service. A data sheet is 
included in Bulletin 190 to be filled 
in to aid the firm in solving your 
special hoisting problem. 

(23) WATER ANALYSIS: Solvay 
Process Div., Allied Chemical & Dye 
Corp. announces a revised, enlarged 
edition of technical and engineering 
service bulletin 11—“Water Analy- 
sis.” This 100-page manual includes 
numerous tables of analytic data, 
conversion factors, turbidimetric 
and color standards, and a special 
section on the preparation of re- 
agents, indicators, and standard so- 
lutions used in analyses. 


(24) CONTROL TRANSFORMERS: 
A 32-page publication from General 
Electric Co. gives voltage ratings, 
frequency, frame size, weight, appli- 
cation, price, and specification data 
on autotransformers, control panel, 
and machine-tool transformers. Two- 
color bulletin contains accessory in- 
formation, wiring diagrams, and 
voltage regulation curves for use in 
selecting the proper unit for a given 
application. Special application sec- 
tion gives data on normal, high- 
reactance, and encapsulated trans- 
formers for mine, oil well, pump- 
house, other locations. 


MAIL THIS CARD 


for more information on 
items described in Manu- 
facturers News and for 
bulletins and catalogs 
listed in the Free Litera- 
ture section. 


(25) BIG CRAWLERS: Form DE627 
from Caterpillar Tractor Co. ex- 
plains use of the big Cats—the D6, 
D7, D8, and D9—to maintain profits 
in the face of high costs and low 
prices. Emphasis is placed on the 
use of matched tools to decrease op- 
erating costs by increasing versatility. 


(26) PUMPS: Dorr-Oliver Inc. has a 
20-page bulletin, “Application Engi- 
neered,” detailing a line of industrial 
pumps. Data is included on the 
Oliver Type L centrifugal pump, 
a corrosion-resistant self-priming 
chemical pump; the diaphragm slur- 
ry pump, operated by compressed 


air and using no mechanical linkage 
to the diaphragm; and an acid hand- 
ling pump for corrosive solutions. 
Other pumps comprising the line 
are the V-Type, a compact duplex 
diaphragm pump for handling thick- 
ened underflows from sedimentation 
tanks; Dorrco Type W for heavy 
duty; and a plunger pump for sludge 
handling in water and waste treat- 
ment plants. 


(27) CRUSHING, SCREENING, 
CONVEYING: A catalog of Petti- 
bone Universal crushing, screening, 
washing, loading, and conveying 
equipment is offered by Universal 
Engineering Corp. On-the-job photos 
accompany detailed specifications of 
a line including rock and gravel, 
washing, portable screening, and 
stationary aggregate plants; jaw and 
roll crushers; hammermiils; apron, 
plate, and wobbler feeders; ‘traveler 


(28) FANS: A brochure detailing the 
entire line of Axial Airflow fans is 
announced by Chicago Blower Corp. 
Eight models are shown with dimen- 
sional charts, performance tables, 
certified ratings. Fourteen fan wheels 
of 12 to 72-in. diam are listed. Capa- 
cities range from 1200 to 100,000 cfm. 


(29) FLUORESCENCE IN CORES: 
A producer of oil base muds, emul- 
sion muds, and non-fluorescent drill- 
ing fluids offers a technical sheet on 
the use of products to prevent mis- 
interpretation of fluorescence from 
drilling fluids in the ultraviolet 
analysis of drill cores and cuttings. 
Supplementing data on fluorescence 
correlation of commonly used oils in 
drilling muds, in this bulletin from 
Oil Base Inc., are 57 color photos, 
made under both white and black 
light, that include visual effects of 
heating samples at 280°F. 


(30) X-RAY MICROSCOPE: X-Ray 
Dept., General Electric Co. offers a 
catalog describing its latest product. 
Suggested applications for the X-ray 
microscope in metallurgy and other 
fields are included with micrographs, 
historical background, theory of op- 
eration, basic technical details. 


(31) INDUSTRIAL GLOVES: Wilson 
Rubber Co. has a 16-page catalog 
covering the Wil-Gard line of rub- 
ber, latex, neoprene, Buna-N, and 
Compar plastic industrial gloves. A 
recommended use table shows resis- 
tance ratings of various materials to 
199 chemicals and solvents common- 
ly used in industry. 
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(32) CORE DRILLER: Bulletin 350 
from Sprague & Henwood Inc. has 
eight pages of photos, features, and 
specifications of the Model 30 core 
drilling machine. Unit has capacities 
up to 600 ft using EX equipment 
(1%-in. hole) and approximately 
300 ft using NX size (3-in. hole). 
Three-speed transmission is powered 
by gasoline or diesel engine or air 
or electric motor. Skid, trailer, or 
truck mountings are offered. 


(33) BUTTERFLY VALVES: A 
manual of data on butterfly valves 
by Henry Pratt Co. includes pres- 
sure drop and flow tables, conver- 
sion tables, theory and application, 
recommended materials. Bulletin B-2 
also describes Pratt rubber seat 
valves from 4-in. diam and up for 
handling liquids and gases. 


(34) PLASTIC LAB SUPPLIES: 
Polyethylene labware is the subject 
of Catalog E956 from Palo Labora- 
tory Supplies Inc. Easy to clean and 
almost unbreakable, the plastic is 
made in numerous shapes including 
beakers, bottles, carboys, cylinders, 
funnels, pails, pumps, stoppers, 
tanks, tubes, valves. 


(35) REFLECTING MICROSCOPE: 
A new Beck reflecting objective 
microscope for work in visible, ultra- 
violet, and infrared light is available 
from The Ealing Corp. Chromatic 
aberration is claimed eliminated by 
the use of mirrors in the optical 
system. Long working distance of 
the objective is said to make the 
instrument especially valuable for 
work on microfurnaces and for met- 
allurgical investigations in visible 
light. Booklet B-1 gives complete 
information. 


(36) LAB CONNECTORS: Four- 
page Bulletin 832 from Burrell Corp. 
offers a series of connecting and 
valving devices for use in the gas, 
vapor, and liquid flow systems of 
analytical instruments. Multi-pur- 
pose aids include connectors, sockets, 
seals, metal tubing, couplings, and 


(37) VACUUM PROCESSING: New 
Catalog 752, “Microvac Pumps for 
High Vacuum,” from F. J. Stokes 
Corp. contains: tables of formulas, 
constants, and conversion factors 
frequently used in vacuum process- 
ing; solutions to problems of pump 
selection for typical vacuum sys- 
tems; maintenance procedures for 
high vacuum pumps; and specifica- 
tions for the complete line of Stokes 
pumps. 


(38) CRAWLER SHOVEL: Thew 
Shovel Co. has a catalog detailing 
new features incorporated in the air- 
controlled, crawler-mounted Lorain 
50. One-yd shovel employs 2-lever 
controls for all turntable operations, 
and “Air-Ease” feeds air power to 
clutches at any rate desired for full 
control during work. “Shear Ball” 
turntable mounting eliminates cen- 
ter pin and nut, turntable rollers, 
centering gudgeon. Swing drums 
and hoist drums are mounted on 
anti-friction bearings. New brochure 
shows unit in use as a crane, shovel, 
clamshell, dragline, and hoe. 


(39) HUMANICS: Another booklet in 
a series on cost reduction for indus- 
trial management has been released 
by a management and engineering 
consultant firm. “Humanics” deals 
with the human or personal issues 
and problems in labor-management 
relations. Detailed are such topics 
as cooperation, planning, employe 
effort, creative ability in this pam- 
phlet from Wheeler Assoc. Inc. 


(40) EXPLOSION-PROOF MO- 
TORS: Detailed in a new bulletin by 
Allis-Chalmers Mfg. Co. are latest 
design features of explosion-proof 
motors in NEMA rerated ratings of 
% to 30-hp (Type GZZ) and in non- 
rerated ratings of % to 100-hp (Type 
APZZ). New features of the rerated 
motors include a diagonally split 
cast iron conduit box for increased 
accessibility and ease of wiring, and 
a noncorrosive rotating seal on 
shaft extension end. For compact- 
ness, conduit box is bolted directly 
to frame. 
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(41) FLUID LEVEL GAGE: General 
Glass Eqpt. Co. has an automatic 
gage, Auto-Level, which will meas- 
ure, record, and maintain fluid level 
in tanks, bins, kettles, or furnaces. 
No physical contact is made with 
fluid as use is made of changes in 
differential air pressure to control 
and measure the level. Operation is 
constant, installation is simple, and 
control is flexible. Accuracy up to 
+1/32 in. is claimed. 


(42) ROTARY KILN CONTROL: 
“Modern Practices in Rotary Kiln 
Instrumentation” is a new 16-page 
illustrated folder by Leeds & North- 
rup Co. “System engineered” instru- 
ments and controls are designed for 
stabilizing quality, increasing pro- 
duction, and cutting fuel costs in the 
manufacture of cement, lime, and 
other nonmetallic products. Com- 
plete operational data is accom- 
panied by photos of installations. 


(43) DEMINERALIZING WATER: 
A bulletin describing the electric 
membrane method of water demin- 
eralization is offered by Ionics Inc. 
Illustrated booklet provides design, 
performance, and cost data on mem- 
brane plants ranging in capacity 
from 2500 to 2 million gal of demin- 
eralized water daily, and using input 
water containing from 1000 to 10,000 
ppm of total dissolved solids. 


(44) SMALL MOTORS: One to 5-hp 
dripproof, enclosed Tri/Clad 55 mo- 
tors are covered in a new brochure 
from General Electric Co. Protected 
inside and out, the motors are avail- 
able in standard or industry-specified 
models. Leads are nonwicking and 
stator assembly is_ silicone-coated. 
Insulation used is of polyester, 
claimed eight times stronger than 
paper insulation. 


(45) WELDED STEEL SCREENS: 
Use of stainless steel screens in 
heavy-duty separating and convey- 
ing equipment is covered in a 28- 
page booklet from Bixby-Zimmer 
Engineering Co. Among new screen 
rod shapes is a roundtop, sloping- 
side grizzly rod designed for heavy 
duty and clean separation. Illus- 
trated are various screen shapes that 
can be fabricated for specific in- 
stallations. 


(46) FLEXIBLE COUPLINGS: Tor- 
sionally fiexible Morfiex couplings, 
employing preloaded rubber pads, 
will isolate vibration, cushion shock, 
and compensate for misalignment 
without need of lubrication, claims 
Morse Chain Co. A 24-page catalog 
gives data on standard, double, and 
radial type couplings with informa- 
tion on coupling driveshafts. 


(47) 35-TONNER: Model 35SL is a 
new 35-ton truck by Dart Truck Co. 
that carries 24 cu yd (struck). A 
400-hp diesel drives through a down- 
hill retarding torque converter and 
a heavy-duty 3-speed transmission. 
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—_EIMCO 630’s 
GET HIGH PRODUCTION 
FOR THIS MINE 


At a large lead zinc mine in Missouri, two Eimco 
630 Crawler-Excavators are demonstrating the profit- 
able advantages of trackless mining, cutting tunnels 
to ore pockets in a shaft 1,000 feet below surface. 

Seeking to combat ever-increasing production costs 
while meeting a growing demand for lead in critical 
applications, officials of this mining firm planned the 
operation around a trackless system. This has proven 
a sound economic move. 

The two Eimco 630’s took over development tasks 
from another type of trackless equipment early this 
year. They have provided these results: 


_ High operating efficiency. Sharp (independent 
track) maneuverability; quick response to easy-to-work 
levers; rugged . . . stay on the job under severe service; 
high mobility . . . no restrictions on movement. 

Cycle time saver. The 630’s can go right to work 
on a muck pile . . . require no preparatory measures. 
Powerful crowding action quickly fills the big bucket 
and rocker atm discharge is fast. 

Lower initial investment. Cost is about one-fourth 
as great as that of previously used equipment. 


The Eimcos are helping to make it profitable for 
this company to extract lead from lower grade ore. 

This versatile machine was not developed over- 
night. It has evolved from a long period of close asso- 


ciation with the mining industry and a constant alert- 
ness to production problems. 

See the 630 in action. You'll agree, it will allow 
you to capitalize on expanding opportunities in an 
industry where volume excavating at low cost is be- 
coming increasingly critical to a profitable operation. 


loading big trucks, this operator uses his left 


tractor movement and his right hand 
630 crowds a muck pile. 


THE EIMCO CORPORATION 


Salt Lake City, Uteh—U.S.A. ¢@ 


Export Offices: Eimco Bidg., 52 South St., New York City 


New York, N. ¥. 
Cleveland, 


Obie Houston, Tex. Lenden, 


Chicago, Sen Froncisce, Calif. Pose, Tex. 
England Gateshead, England 


Bieminghem, Als. Ovivth, Minn. Kellogg, ide. Pe. Seattle, Wash. 
Poris, Frence Milen, Itely Johannesburg, Sevth Atria 
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hand to regulate 


Philadelphia‘’s Convention Hall: Site of 
all events of the 1957 Nuclear Congress@ 


and International Atomic Exposition. 


Make your plans 
NOW fo attend... 


2ND NUCLEAR ENGINEERING 
AND SCIENCE CONFERENCE 
March 11-14, 1957 


Sponsored and conducted by 20 
leading engineering and scientific 
societies under the coordination 
of Engineers Joint Council. 
More than 150 technical papers will be 
presented by the nation’s leading engi- 
neers and scientists during 32 sessions 

covering such topics as: 

© Reactor Design, Metallurgy, Control, 
Instrumentation, Shielding and 
Construction 

Reactor Components, Operation, 
Maintenance ; Standardization 

@ Waste Disposal; Water Supply 
Protection 

@ Natural Resources ; Fuel Production 
and Processing 

© Thermodynamics and Coolant Systems 

e Safety ; Radiation Protection 

@ Use of Educational Nuclear Reactors 

© High Intensity Radiation Processing 

© Fusion 


ADVANCE REGISTRATIONS 
HOTEL RESERVATIONS 


For pre-registration forms and informa- 
tion on hotel reservations, write: 
1. Your own organization participating in 
the Congress, or 
2. Engineers Joint Council 
29 West 39th Street 
New York 18, New York 


INTERNATIONAL 
ATOMIC EXPOSITION 
March 11-15, 1957 


Sponsored by the American Institute 
of Chemical Engineers with the coop- 
eration of the American Society of 
Civil Engineers, the American Insti- 
tute of Mining, Metallurgical and 
Petroleum Engineers, the American 
Society of Mechanical Engineers and 
the American Institute of Electrical 
Engineers. 


See the latest equipment, materials, and 
processes relating to the non-military uses 
of atomic energy in its various forms on 
display—many of them for the first time. 
Virtually all major suppliers or services 
to the nuclear energy field—from mining 
equipment and supplies to power distri- 
bution, electronics, chemical, metallur- 
gical, mechanical, and many others—will 
display. Foreign industry and govern- 
ment will also be represented. 


In addition to the thousands who reg- 
istered for the technical sessions at the 
1955 Nuclear Congress, over 15,000 reg- 
istered to view the 165 exhibits—engi- 
neers, scientists, executives from indus- 
try, purchasing officials, press, educators, 
technical students, etc. Attendance at the 
1957 Congress is expected to be even 
bigger. 


Headquarters for exhibit information is: 


International Atomic Exposition 
117 South 17th Street 
Philadelphia 3, Pennsylvania 


AMERICAN CHEMICAL SOCIETY «+ 
ENGINEERS «+ 
INSTITUTE OF PHYSICS «+ 


AMERICA 


GEOLOGICAL INSTITUTE 
AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS «+ 
AMERICAN SOCIETY OF CIVIL ENGINEERS «+ 


CONGRESS SPONSORS 


MARCH 11-15, 1957 


PHILADELPHIA 
PENNSYLVANIA 


‘5TH ATOMIC ENERGY IN 
INDUSTRY CONFERENCE 
March 14-15, 1957 


Sponsored and conducted by the 
National Industrial Conference 


Board (460 Park Ave., N.Y. 22) 


Reports on current and future economic 
effects of atomic energy and the way ex- 
perienced companies are dealing with 
managerial problems arising from the gen- 
eration of nuclear power and use of atomic 
by-products in research and production. 
The 14 sessions cover such topics as: 


© New markets for new metals and how 
to realize them 

e Better product development through 
radioisotopes, radiation chemistry 

© Safety, health, insurance, legislation 


© Status of foreign and domestic atomic 
energy developments 


5TH HOT LABORATORIES AND 
EQUIPMENT CONFERENCE 
March 14-15, 1957 


Sponsored and conducted by the 
Hot Laboratory Committee 


More than 60 technical papers presented 
by designers and operators of laboratories 
handling radioactive materials. Six ses- 
sions cover new developments in hot labo- 
ratories and cells, remote handling equip- 
ment, and hot cell operation. 


* AMERICAN INSTITUTE OF CHEMICAL ENGINEERS + AMERICAN INSTITUTE OF ELECTRICAL 
AMERICAN INSTITUTE OF MINING, METALLURGICAL & PETROLEUM ENGINEERS + 
AMERICAN SOCIETY FOR ENGINEERING EDUCATION «+ 


AMERICAN 
AMERICAN SOCIETY FOR METALS 


s« THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS + AMERICAN SOCIETY FOR TESTING MATERIALS + AMERICAN WATER WORKS ASSOCIATION + FEDERATION 
OF SEWAGE & INDUSTRIAL WASTES ASSOCIATION «+ HEALTH PHYSICS SOCIETY «+ INSTITUTE OF THE AERONAUTICAL SCIENCES + INSTITUTE OF RADIO ENGINEERS 
ENGINEERS ENGIN’ 


* NATIONAL INDUSTRIAL CONFERENCE BOARD «+ SOCIETY OF AUTOMOTIVE 


« THE SOCIETY OF NAVAL ARCHITECTS & MARINE 
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"NEW EIMCO FILTER DESIGNS 


PAY OFF FOR THIS CUSTOMER 


In the past decade, a prominent firm has increased con- 
siderably its production of Titanium Dioxide —a pigment 
used extensively for paint and whitening applications from 
“dentures to doorknobs”. 

During this period, an Eimco Disc-Type Filter has 
been employed in the flotation process used on 
ilmenite concentrate. 

The ilmenite flotation concentrate is 60% solids with 
fast settling physical characteristics when fed to the 
Eimco Filter. Filtered concentrate is immediately ship- 
ped by rail to other plants where it is a raw material 
for the production of titanium dioxide, used to whiten 
and brighten thousands of products. 

Working in close alliance with a co-operative client, 
Eimco’s field engineers recommended new methods 
that achieved high operating efficiency as production 
level increased. 

When filtering rate was increased, the disc filter— 
as a result of the expansion—was taxed far beyond 
the production capacity it was intended to maintain. 
At this high production level, an ordinary disc filter 


THE EIMCO COR 


SALT LAKE CITY, 


Research ond Development Division, Peletine, Iilinois 


was not capable of maintaining uniform particle sus- 
pension, resulting in uneven cake formation, low capac- 
ity and higher-than-necessary moisture content (15%). 


By converting the disc filter into an Agidisc— 
strong, properly directed agitation was applied and 
uniform particle suspension was attained. The Eimco 
Agidisc readily handled the concentrate under process 
conditions imposed by this increased volume . . . pro- 
duced even cake formations dewatered to 8% moisture. 

Later Eimco “Hy-Flow” Design was applied to the 
Agidisc. This streamlined design permits the flow of 
filtrate and air through the filter and valve with a 
minimum of hydraulic resistance. Filtering capacity 
has increased, vacuum loss reduced and cake is de- 
watered to 6.2% moisture. 

The search for a better way never stops at Eimco’s 
Research and Development Center, Palatine, Illinois. 
The result is a constant flow of improvements in 
filtration equipment that pay off in increased pro- 
duction and more profit. Write today for more 
information. 


PORATION 
UTAH 


Process Engineers 
Export Offices: Eimce Building, 51-52 South Street, New York 5, N.Y. 
BRANCHES AND DEALERS IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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Fast-Drilling Drifters 
topers 


Quality Gardner-Denver cost-cutters 
for development and production 


Deep Hole Drilling Equipment Air Compressors, All Types and Sizes Fast, Safe Mine Car Loaders 


See your Gardner-Denver mining equipment specialist — or write for bulletins. 


GARDNER - DENVER 


THE QUALITY LEADER IN COMPRESSORS, PUMPS, ROCK DRILLS AND AIR TOOLS 
FOR CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 
Gardner-Denver Company, Quincy, Illinois 


Export Division 233 Broadway, New York 7, New York 
In Canada: Gardner-Denver Company (Canada), Lid., 14 Curity Avenue, Toronto 16, Ontario 
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Gardner-Denver ... Serving the World’s Basic Industries 
| 
Drill Steel Shapers and Sharpeners Push-Button Mobiljumbo De-Watering, Grout and Sump Pumps 


Eimco 105 Front End Loader 
With 40,000 Ib. 


Breakout Power 


In broad usages such as loading in mines where low ceiling 
prevents overhead discharge . . rozing brickwork in open 
hearth furnace slag pages . cutting smooth grades where 
fine control is required . Mee into haul it 


where high discharge is ding inte light units 


or handling fine, dusty and wet ‘estodal where controlled dis- 
charge is desirable . . . loading around wharves, docks, railroad 
yards (with fork lift attachments) « « the 105 fills industry's 
requirements for a rugged, extra heavy-duty front end loader. 


NOW! EIMCO HAS TWO 
RUGGED LOADER ASSEMBLIES 


Productive scope of the Eimco 105 Crawler-Tractor 
has been broadened again by development of a 
heavy-duty Front End Loader. 

For the first time, this provides the earth-moving 
industry with a machine that can utilize two unique 
loading attachments . . . each employing entirely dif- 
ferent operating principles for jobs where physical 
conditions make the use of one advantageous over the 
other. 

Since introduction of the 105, heavy construction 
industries in ail parts of the world have praised the 
digging and loading speed of Eimco’s rugged Rocker 
Arm Excavating Loader. 

Like this and all Eimco equipment, the Front End 
Loader reflects years of constant development combin- 
ing research with practical field experience. 

Exclusive features of the hydraulic system provide 
an extra margin of protection against mechanical delays 
and the torque converter transmits maximum power 
from engine to boom and bucket cylinders for power- 
ful digging effort at the bucket lip. 


THE EIMCO CORPORATION 


Export Offices: Eimco Bidg., 52 South St., New York City 


Salt Lake City, Utah—U.S.A. © 


EIMCO 105 EXCAVATOR 


All attachments (including bulldozer assemblies) are 
Eimco-built to standard SAE mounting dimensions for 
the basic 105 Tractor. This means that you get extra 
performance from every attachment through operating 
ease, maneuverability and visability . . . permits you 
to increase your earning potential without the addition 
of specialized machinery. 

Each of these dirt-moving tools gives you new 
production and profit opportunities well worth 
investigating. Do this today by writing The Eimco 


Corporation for full particulars. 


New York, N.Y. Chicago, Ill. Sen Francisco, Colif. Paso, Tex. Birmingham, Ale. Dvluth, Minn. Kellogg, ide. Pittsburgh, Pa. Seattle, Wash. 
Cleveland, Ohio Englond Gotesheod, 


Hovston, Tex. London, 


Englend Poris, France Milen, ttely Johannesburg, South Africe 
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SYMONS® PRIMARY GYRATORY CRUSHERS 


Built in 30”, 42”, 54”, 60” and 72” 
sizes, for capacities up to 3500 or 
more tons per hour. 


Built in both Standard and 
Short Head types, in sizes 
from 22” to 7’, in capacities 
from 6 to 900 or more tons 
per hour. 


NORDBERG MACHINERY 
for URANIUM PRODUCTION 


- keeps pace with the Atomic Age 
BAR GRIZZLIES 


Built for heavy duty 
large capacity scalping 
service. Particularly ef- 
fective when handling 
wet, sticky or gummy 
ores. Will handle feeds 
up to 30” and larger. 


URANIUM—the Wonder Metal of the 

Atomic Age—is today one of the most 

sought after elements in the earth’s crust. 

And with good reason when you consider that one 

pound of pure Uranium will produce by fission as 

much energy as the combustion of 20,000,000 pounds 

of coal. This powerful new servant serves mankind in 

many ways and each day its benefits grow increasingly greater. 
Increasing too is the role being played by Nordberg Machinery 

in the efficient processing required for production of this 

valuable metal. From the Congo and South Africa to the 

ore bodies of the United States and Canada, leading 

producers are installing Symons Gyratory Crushers 

for primary breaking, Symons Cone Crushers 

for finer reduction, Symons Grizzlies and 

Screens for scalping and sizing, 

and Nordberg engines for mine 

and mill power. 


SYMONS 
ROD DECK SCREENS 


Highly efficient, big ca- 
pacity units adaptable to 
mill feed screening and 
for handling heavy feeds 
of wet, sticky ores. 


Built in a wide range of sizes 
from 10 to over 12,000 horse- 
power, including Diesel, 
Duafuel® and Spark- ignition 
Gas types for low cost power 
generation. 


on your machinery requirements. 


NORDBERG MFG. CO. | | 
Milwaukee, Wisconsin = 

SYMONS ... A Registered Nordberg -'MACHINERY FOR PROCESSING ORES and INDUSTRIAL MINERALS 


Trademark known throughout the world. ' NEW YORK @ SAN FRANCISCO @ ST. LOUIS ¢ DULUTH * WASHINGTON 


TORONTO © MEXICO, D.F. © LONDON ¢ JOHANNESBURG 
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Write for information 2 

© 1956, Nordberg Mig. Co. 


AIME Annual 
Meeting 


New Orleans 


February 24—28, 1957 


> Technical Program 
(MINING ENGINEERING, January 1957, pp. 92-96) 


> Social Events 
(MINING ENGINEERING, December 1956, p. 1229) 


> Plant Trips 
(MINING ENGINEERING, January 1957, p. 89) 


> Post-Convention Cuban Tour 
(MINING ENGINEERING, November 1956, p. 1129) 


**See MINING ENGINEERING, AUGUST 1956, for 
hotel reservation postcard and information on what 
to do in New Orleans 
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“T-1” dipper sticks 
prove long 


on service 


Breakage stopped completely 
by adopting this 
high yield strength steel 


Take a leaf out of this operator’s book. 


His original equipment dipper sticks 
broke down frequently. He replaced 
them with a set made of USS “T-1” steel. 


Since then no shutdowns. Breakage 
has stopped completely! 


What’s more with “T-1” steel he 
saved weight, increased his payload and 
was able to make his sticks 4 feet 
longer. 


Maybe “‘T-1” steel can 
do the same for you 


This unusually strong alloy steel 
containing nickel has three times the 
yield strength of structural carbon steel 
... four times the resistance to , 
atmospheric corrosion. Resists wear 
and abrasion, too. Has toughness even 
down to —150°F. 


Use it for buckets, lips, liners, car 
bottoms, bulldozers and other mining 
and earth-moving equipment. For the 
complete story on “T-1” steel, write to 
the United States Steel Corporation, 
Pittsburgh, Pa. 


“T-1” eliminates downtime — “T-1” dipper sticks on this Northwest 
80D shovel show no signs of failure after a year’s service. Because of 


“T-1's” high yield strength and resistance to impact and abrasion it’s 
the standard material for equipment of this kind. 


Jeo, THE INTERNATIONAL NICKEL COMPANY, INC. 
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Inco Refined Nickel Price Up 9.5¢ 


International Nickel Co. of Canada Ltd. has announced an increase 

Mg in the price of refined nickel of 9.5¢ per lb, effective Dec. 6, 1956. Result 

Be is an export price, from the Port Colborne, Ont. refinery, of 74¢ per lb, 

including U. S. import duty. President H. S. Wingate pointed out that 

“certain existing and potential uses may be expected to be impeded at 

this new regular price level.” The company’s last price change due to 
increased cost was made on Nov. 24, 1954. 


New Estimates of U. S. Fluorspar Reserves 


U. S. Geological Survey reports that fluorspar reserves are newly esti- 
mated to total about 224% million tons containing 35 pct or more calcium 
fluoride, or equivalent value in combined fluorspar and metallic sulfides. 
F Of this tonnage about 61 pct is measured and indicated ore, the re- 
mainder is inferred. Also estimated is an additional 12 million tons of 
lower grade material containing 15 to 35 pct calcium fluoride. 


Increase in Perlite Production 


Estimate of crude perlite production in the U. S. in 1956, by the Perlite 
Institute, points to a 9 pct rise yielding 312,000 tons with an approxi- 
mated value of $2,600,000. Mining and processing facilities now operat- 
ing are said adequate to supply anticipated greater demand in 1957. 
Thirteen companies in six western states mine the volcanic glass. 


Further Expansion Planned at El Salvador 


Increase of proven ore reserves at the new El Salvador mine project in 

Chile has led to plans for greater expansion and investment, announces 

) Andes Copper Mining Co., Anaconda subsidiary. Additional drilling has 

' resulted in a new estimate of 200 million tons of ore averaging 1.6 pct 
copper—original estimate was 78 million tons. Chilean approval will 
result in investment of a total of more than $80 million, an increase of 
more than $27 million over the initially planned expenditure. 


$100 Million Project to Develop African Bauxite 


Aluminium Ltd. expects commencement this year of a pioneer project 
by its French subsidiary, Bauxites du Midi, to build a bauxite and alu- 
mina industry in French West Africa. Canadian firm will initially in- 
vest $100 million to develop bauxite deposits in northwest Guinea; con- 
struct a chemical works with a capacity of 250,000 short tons of alumina 
per year; construct a 75-mile railroad to the Atlantic coast, new storage 
and port facilities, and an employe town. Much of the project output is 
expected to be used to supply additional raw materials for Alumini- 
um’s metal processing expansions in Quebec. 


Another Uranium Mill Contract 


Eight uranium milling contracts were executed in 1956 at the AEC 
Grand Junction Operations Office . . . latest was signed with the Gun- 
nison Mining Co., Grand Junction, Colo. The others were for mills at 
Rifle, Maybell, and Bedrock, Colo.; two mills in Fremont County, Wyo.; 
another at Mexican Hat, Utah; and one at Ford, Wash. Twelve mills are 
now operating in the western U. S. 
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6¢ Two husky “PAYLOADER” tractor-shovels 
We couldn’t do : are working wonders at practically every 
; phase of the manganese processing proce- 
be r dures of Mohave Mining and Milling Co. 

x without our : near Wickenberg, Arizona. 
zs e The manganese ore is first brought by truck 
4 to the crushing and screening plant from 
2 _pP A Y L Oo A D E R* : the mines in northern Arizona. Here a Model 
HH “PAYLOADER” (1% yd.) loads the 
: : ore from various stockpiles, feeds the crush- 
ers and handles general clean-up work. Its 
M ac h ines : speed, ease of handling and big capacity keep 
production flowing at a rapid pace. After 
the ore is completely sorted and mixed it is 
transferred to the sintering plant a few miles 


at Mohave Mining & Milling Co. away, for final processing. 


Another “PAYLOADER” at Sintering Plant 


Here a versatile Model HU “PAYLOADER”’ 
(1Y3 yd.) is a real handy-man throughout 
the plant. It feeds the kiln hoppers, loading 
from either stockpiles or window mixes — 
handles hot clinkers — spots and loads the 
gondola cars with the sintered manganese. 
This “PAYLOADER” is always busy, hus- 
tling from job to job, keeping the flow of 
ore constant for maximum plant capacity. 


Bob Monahans, Supt. of the Sintering Plant 
says, “Ours is a clean operation now, but 
you should have seen it before, when we 
were using a crawler tractor loader. The 
wind never seemed to stop, for every breath 
of air covered the plant with dust. We 
couldn’t do without our “PAYLOADER” 
tractor-shovels. They do everything.” 


{] 40 degree tip-back, break-out bucket action gets heaped loads 


> Lift and reach to load high trucks, cars and hoppers 


| 
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Power-shift transmissions for fast maneuvering and transport 


Underslung boom arms and low carry position for moximum 
stability, visibility, safety 


loads can be dumped high or low, fast or slow as desired 


Handles many jobs at any mine 


Operators of both underground and open pit mines, as well as 
processors and smelters are finding many profitable uses for the 
three sizes of 4-wheel-drive “PAYLOADER” tractor-shovels — 
for loading cars and trucks — charging hoppers — feeding con- 
veyors, handling tailings—clean-up around power shovels — 
maintaining haul roads — stockpiling — switching railroad cars 
and doing general drawbar work. 

They like the increased production, easier operation and low 
maintenance provided by new and improved design features — 
the 40 degree tip-back and powerful pry-out bucket action, 
no-stop power-shift transmissions, power-transfer differentials, 
planetary final drives, power-steer, power-braking and hydraulic 
load shock absorber. 

Your “PAYLOADER” Distributor wants you to prove on your 
own work that these new “PAYLOADER” models are profit- 
makers and can out-produce any comparable tractor-shovels. See 
him soon about a demonstration. 


PAYLOADE RFR’ 


MANUFACTURED BY 


THE FRANK G. HOUGH CO. LIBERTYVILLE, ILL. 


SUBSIDIARY—INTERNATIONAL HARVESTER COMPANY 


Owners expect more from a" PAY LOADER” 
tractor-shovel and they get more because 
they are the result of 35 years of tractor- 
shovel pioneering and because more of them 
are in service than all other makes com- 
bined. They're designed right and built right 
. they're sold and serviced right by a 
nearby “PAYLOADER” Distributor. 


THE FRANK G. HOUGH CO. 
916 Sunnyside Ave., Libertyville, IMlinois 


Send dato on 4-wheel-drive ““PAYLOADER" tractor-shovels 
as checked. 

Medel HO (2%4-yd. payload, 1%-yd. struck) 

(1) Model HH (1%-yd. payload, 1y-yd. struck) 

Model HU payload, 1-yd. struck) 


Nome 


Title 
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Street 
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New Nickel Operations in Canada 
To Increase Inco Output 50 Pct 


International Nickel Co. of Canada 
Ltd., chief nickel producer, has 
launched a $175 million project in 
northern Manitoba designed to ex- 
pand present output by about a half. 
Involved is the development of a 
new nickel orebody in the Mystery- 
Moak Lakes area (about 950 miles 
northwest of Inco’s Sudbury District 
workings), and the establishment of 
a large power plant, railway, concen- 
trator, smelter, refinery, and a town- 
site. 

The project in Manitoba together 
with progress under way at Sud- 
bury will increase Inco’s previous 
nickel-producing capacity by ap- 
proximately 130 million Ib to 385 
million lb. Output is expected to be- 
gin in 1960. 

Joint announcement of the plan 
was made by Premier Douglas Camp- 
bell and by H. S. Wingate, president 
of International Nickel Co. of Can- 
ada Ltd. with the conclusion of 
understandings between the province 
and Inco including an agreement for 
the establishment of a new local 
government District of Mystery Lake 
and an agreement with the Manitoba 
Hydro-Electric Board. The agree- 
ment provides that the Board will 
undertake construction, at an esti- 
mated cost of $32 to $38 million, 
of a hydroelectric plant at Grand 
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Rapid on the Nelson River to supply 
power for Inco’s new facilities. 
Premier Campbell said that the ca- 
pacity of the hydroelectric plant will 
be sufficient to supply initial and 
subsequent power needs, with re- 
serves for other new industries. 

Inco will open two new nickel 
mines in the area, to be known as 
the Thompson and the Moak Mines. 
They are in an area from 30 to 50 
miles north of Thicket Portage which 
is on the Canadian National Rail- 
ways’ line between Winnipeg and 
Churchill on Hudson Bay. The power 
plant will be located about 50 miles 
northeast of the mining operations 
and approximately 10 miles north- 
west from the present CNR Hudson 
Bay line. Mines and townsite will be 
linked together by a 20-mile com- 
pany-operated railway; and a new 
30-mile CNR spur line will connect 
the Thompson townsite with the 
Hudson Bay line from a point north 
of Thicket Portage. 


Financing of Project 

“In order to get the program under 
way immediately, Inco with its own 
funds will finance all of the initial 
capital costs of the undertaking but 
expects ultimately to be reimbursed 
for its advances for the construction 
of the power plant and for advances 


which may be made for the new 30- 
mile CNR spur line,” President Win- 
gate said. “As presently projected 
Inco’s capital investment in Mani- 
toba, not including expenditures al- 
ready made for exploration and pre- 
production items, will approximate 
$115 million. This will include the 
cost of opening two mines, of con- 
structing a concentrator, smelter, re- 
finery and transportation facilities 
and of providing certain townsite 
installations. The $115 million is ex- 
clusive of the $32 million to $38 
million power plant costs, of ap- 
proximately $5 million of costs for 
the new CNR spur line, and of some 
$20 million estimated costs of homes 
and buildings at the townsite.” 


Year's Time Saved 

“Decision to proceed at the present 
time means a major saving of time 
in getting the project underway,” 
Mr. Wingate stated. “A month’s de- 
lay in initiating the project could 
have postponed the entire program 
for one year through inability to 
take advantage of this winter’s freeze- 
over in order to haul in over the ice 
by tractor train much of the neces- 
sary heavy equipment required to 
push the construction forward vig- 
orously in the spring. Pending con- 
struction of adequate transportation 
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facilities this is the only method of 
moving in such equipment and sup- 
plies.” 

He said that the opening up of the 
Manitoba project in 1960 is part of 
a major expansion program through 
which Inco expects to attain an an- 
nual overall regular nickel produc- 
tion capacity of 385 million lb from 
its operations in the Sudbury Dis- 
trict of Northern Ontario and in 
Manitoba. In 1955, total Inco Sud- 
bury District nickel production from 
its own ores was nearly 280 million 
lb, consisting of approximately 255 
million lb of regular production and 
24 million lb of special production 
from high-cost ores for the U. S. 
government stockpile. 

Mr. Wingate emphasized that since 
the Manitoba ores carry very small 
copper values, Inco’s copper produc- 
tion capacity will not be increased 
correspondingly with the large in- 
crease for nickel. Heretofore the 
copper production has been nearly 
as large as nickel production. In 
view of the costs of separating and 
refining the copper from the Mani- 
toba ores, the copper content is not 
regarded as a commercial asset. 
Minor quantities of cobalt, platinum, 
palladium, gold and silver will help 
in making the project successful. 

The Inco President forecast that 
total free world nickel capacity some 
four years from now may be of the 
order of 600 million to 625 million 
lb, or an increase of about 175 mil- 
lion to 200 million lb from all sources 
above the total of 427 million lb for 
1955. The forecast is exclusive of the 
prospect of increased Cuban output 
beyond the 50 million lb annual ca- 
pacity which the U. S. government 
will shortly have available at its own 
plant in Cuba. He said that “with 
the achievement of this world capa- 
city the total free world capacity 
for nickel supplies should exceed the 
entire free world civilian consump- 


ae 


HHUDSON BAY 


eres 


NORTHERN MANITOBA 


+ 


100 
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tion of nickel during the 12 months 
ended September 30, 1956, by more 
than 325 million lb. This large 
amount will be available for the un- 
satisfied and expanded needs of 


Supplies being unloaded from aircraft to tractor-sleigh on lake near an Inco exploration camp in the Mystery-Moak Lokes oreo. 


civilian industry and for whatever 
the defense requirements may be at 
that time. . . 
“We are going forward energeti- 
(Continued on page 32) 
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XANTHATES: coliectors of consistent quality, in pellet form for dustfree handling. Wide range assures high selectivity. 


LET THESE Recover Chemicals 
J 


HEN a mill’s sulfide flotation costs are at rock bottom, 
Wide are you'll find Dow Xanthates and Dow- 
froth® 250 at work in the recovery process. Carefully 
compounded for pre amy eee collecting and frothing, this 

ir functions in perfect balance to bring you the highest 
flotation efficiency known. 


High selectivity 

Dow offers a wide range of Xanthates that are substantially 
nonfrothing, completely and quickly soluble in water. 
They are designed for sdeaine flotation to assure maximum 
loading of the froth as ore conditions change. In addition, 
these superior collectors assure an unusual ease in handling, 
for the entire series comes in pellet form. No dust, waste, 
or spillage problems! 

Livelier froth 

The ideal working partner to Dow Xanthates—or any other 
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collector—is Dowfroth 250. It is completely water-soluble 
also, and produces a froth that’s lively over a wide range 
of conditions. In many cases, Dowfroth 250 reduces frother 
consumption as much as 75%! Action is rapid and non- 
collecting, better accommodates ore variation. And froth is 
easy to onatier, pump and thicken; does not deteriorate 


rubber parts. 


Everyone benefits 


Flotation experts agree that Dow Xanthates and Dowfroth 
250 do much to improve recovery and concentrate grade. 
The metallurgist has better seonelel frother and collector. 
And the operator’s work is pleasanter, thanks to the pellet 
form of Xanthates and the - volatility of Dowfroth 250. 
Why not write us for samples today and let every member 
of your flotation team discover the advantages of these 
dependable mining chemicals! 


4 i : 
. 
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DOWFROTH 250 (shown in sample jar): a livelier frother that’s noncollecting, easy to regulate. Often cuts consumption 75%! 


PROVE THEIR EFFICIENCY TO YOUR WHOLE TEAM 


Of course, technical assistance is always available, and 
oftentimes serves as a short cut in solving problems . . . in 
finding the answer to increased production per flotation 
dollar. 


We would also be pleased to send a sample of Separan 
2610®, the new high-speed flocculant that is Sitlien-—evge 
tripling— production in settling and filtration operations. As 
little as one pound settles 100 tons of solids! THE now 
CHEMICAL COMPANY, Midland, Michigan, Dept. MC 858B. 


SEPARAN 2610—Amazing speed of new 
flocculant is setting economy records 
throughout the mining industry. 
One uranium processor, For instance, 
reports savings of nearly $3000 a 
day! Faster settling and increased 
filtration have eliminated four of his 
five thickeners, two banks of filters, and 
several earthen: ponds. 


you can depend on DOW CHEMICALS 
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XANTHATES: collectors of consistent quality, in pellet form for dustfree handling. Wide range assures high selectivity. 


LET THESE Recovery Chemicals 


HEN a mill’s sulfide flotation costs are at rock bottom, 

i hee are you'll find Dow Xanthates and Dow- 

froth® 250 at work in the recovery process. Carefully 

compounded for a collecting and frothing, this 

ir functions in perfect balance to bring you the highest 
hotation efficiency known. 


High selectivity 

Dow offers a wide range of Xanthates that are substantially 
nonfrothing, completely and quickly soluble in water. 
They are designed for selective flotation to assure maximum 
loading of the froth as ore conditions change. In addition, 
these superior collectors assure an unusual ease in handling, 
for the entire series comes in pellet form. No dust, waste, 
or spillage problems! 

Livelier froth 

The ideal working partner to Dow Xanthates—or any other 
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collector—is Dowfroth 250. It is completely water-soluble 
also, and produces a froth that’s lively over a wide range 
of conditions. In many cases, Dowfroth 250 reduces frother 
consumption as much as 75%! Action is rapid and non- 
collecting, better accommodates ore variation. And froth is 
easy to Renee, pump and thicken; does not deteriorate 
rubber parts. 


Everyone benefits 


Flotation experts agree that Dow Xanthates and Dowfroth 
250 do much to improve recovery and concentrate grade. 
The metallurgist has better ma of frother and collector. 
And the operator’s work is pleasanter, thanks to the pellet 
form of Xanthates and the ve volatility of Dowfroth 250. 
Why not write us for samples today and let every member 
of your flotation team discover the advantages of these 
dependable mining chemicals! 
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DOWFROTH 250 (shown in sample jar): a livelier frother that’s noncollecting, easy to regulate. Often cuts consumption 75%! 


PROVE THEIR EFFICIENCY TO YOUR WHOLE TEAM 


Of course, technical assistance is always available, and 
oftentimes serves as a short cut in solving problems . . . in 
finding the answer to increased production per flotation 
dollar. 


We would also be pleased to send a sample of Separan 
2610®, the new high-speed flocculant that is doubling—even 
tripling—production in settling and filtration operations. As 
little as one pound settles 100 tons of solids! THE now 


CHEMICAL COMPANY, Midland, Michigan, Dept. MC 858B. 


SEPARAN 2610—Amazing speed of new 
flocculant is setting economy records 
throughout the mining industry. 
One uranium processor, For instance, 
reports savings of nearly $3000 a 
day! Faster settling and increased 
filtration have eliminated four of his 
five thickeners, two banks of filters, and 
several earthen: ponds. 


you can depend on DOW CHEMICALS 
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(Continued from page 29) 
cally with our work of market de- 
velopment and research so as to do 
everything possible to stimulate the 
growth of further markets and uses 


for nickel. In the face of the need 
for greatly expanded future demand 
for the metal we hope that other 
producers will not confine their 
efforts solely to the production of 


nickel but will make a major con- 
tribution also by actively pursuing 
long-range research and develop- 
ment of uses and markets.” 


Decade of Exploration 


The new mining project, Mr. Win- 
gate said, climaxes ten years of ex- 
ploration in Manitoba. In 1952 the 
activities in the Mystery-Moak Lakes 
region were stepped up in response 
to U. S. request in connection with 
its consideration of the possibility of 
assisting in the development of this 
and other areas. Airborne geophysi- 
cal exploration, in which as many as 
24,000 miles have been flown in a 
single year, eventually led Inco geol- 
ogists to the Moak Lake district after 
a trapper-prospector’s find had 
brought them to neighboring Mys- 
tery Lake, where subsequent dia- 
mond drilling located favorable min- 
eralization. The total cost which Inco 
has incurred in its Manitoba explora- 
tion is some $10 million. 

“It is too early to make a definite 
estimate of the final ore possibilities 
but sufficient ore has already been 
found to fully justify both the money 
we have already spent in exploration 
and the large amounts which we will 
have to spend to open these proper- 
ties and put them into production,” 
President Wingate continued. “Our 
current exploration activities have 
shown that there are fairly wide 
variations in the grade of ore in 

(Continued on page 33) 


you can “engineer” the selection of 
your TREX) BELT CONVEYOR IDLERS 


You can now buy Rex Belt Conveyor Idlers under a 
rating system whereby you can select the exact idler for 
your specific conditions. This means that you get the 
stamina to do your job—plus a safe reserve—but you 
don’t pay for steel and longevity you can’t possibly 
ever use. 

For instance, suppose you want troughing and return 
idlers for a 48” conveyor for iron ore weighing 125 
pounds p.c.f. Belt speed is 650 f.p.m., and the steel cable 
belt weighs 22.6 pounds per foot. Lump size is 8”. 
Service is seasonal—multiple shift. You want the idlers 
to last 20 years. 

Apply all this information to the selection tables in 
the new Rex Rated Idler Catalog No. 56-80. The answer 
you'll get will be a Series 3000 Troughing Idler and a 
Series 4000 Return Idler. 

It’s as simple as that, and you will have the heavy- 
duty Rex Rated Idlers exactly suited to the job you 
are asking of them. Send for Catalog 56-80 today. 
CHAIN Belt Company, 4794 West Greenfield Avenue, 
Milwaukee 1, Wisconsin. 


CHAIRS] BELT COMPANY 


Milwaukee 1, Wisconsin 
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An Inco drilling rig in Northern Manitoba is visited by members of the Province legislature. 
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— CYANAMID 


REAGENT NEWS 


“ore-dressing ideas you can use” 


FOR YOU--- 


Cyanamid Ore Dressing 
Publications Currently Available 


For your technical file the Mineral Dressing Department of American 
Cyanamid Company will be pleased to send you copies of any or all of 
the following Mineral Dressing Notes which are still in good supply. 
Just check off those you would like on the coupon below. 


Ne.17. “Chemistry of Cyanidation”, by Hedley and Tabachnik. Funda- 
mentals, plus data on zinc, copper and iron in cyanidation. 


No. 19 “Heavy-Media Separation Processes for Mineral Concentration.” 
Fundamentals of HMS processes, bibliography and examples of 
practice on a variety of ores and non-metallic minerals. 


Ne.20 “Cyanamid Reagents.” Descriptions of Cyanamid fiotation re- 
agents plus data on processing of various types of ores. 


Ne.21 “Froth Flotation’, by R. B. Booth. Summary of flotation funda- 
mentals with patent and literature references. 


No.22 “Handling and Feeding of Arro® Brand Cyanide.” Detailed 
information on safe feeding arrangements for this widely used 
product including descriptions of methods for large and small 
cyanide and flotation operations. 


In addition, we always welcome your inquiries on milling problems. 


NORTH AMERICAN CYANAMID LIMITED 
160 Bloor Street East, 
Toronto 1, Ontario, Canada 


CYANAMID DE MEXICO, S.A. 
Apartado No. 26012, Mexico 12, D. F., Mexico 


CYANAMID PRODUCTS, LTD., Bush House, 
Aldwych, London W. C. 2, England 


SOUTH AFRICAN CYANAMID (PTY.) LTD., 
P. O. Box 7552, 
Johannesburg, Union of South Africa 


E. P. CADWELL, Belen 1043, 
Of. 6, Lima, Peru 


G. B. O'MALLEY 
377 Little Collins St., 
Melbourne C. 1, Australia 


Please send me copies of the following Mineral Dressing Notes 


—— 


NAME . 


COMPANY. 


AMERICAN CYANAMID COMPANY 


MINERAL DRESSING DEPARTMENT 
3O ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 


Cable Address — Limenitro, New York 
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COST CUTTING EQUIPMENT 


AKINS CLASSIFIERS AND HEAVY MEDIA SEPARATORS 


The Akins Classifier was originally developed, 
in 1908, for use in closed circuit with a ball mill. 
Its outstanding success led to many other profitable 
applications where it has demonstrated its superi- 
ority. .. dewatering and recovering fine solids; sand 
and slime separations; washing coal, sand, and 
oyster shell; desliming and de-oiling phosphate 


LOWDEN DRYER 


For drying flotation concentrates, graphite, clays, ground 
minerals, paint fillers, pigments, various 

precipitates. Can use most any fuel in- 

cluding live steam and waste 

heat. 


VEZIN SAMPLER 


A continuous sampling device 
generally used for 5 and 10% 
cuts on crushed feed. Alloy white 
iron cutting lip. Rubber or abra- 
sion resistan’ plate lining inside. 
Compact direct driven faced 
tooth bevel gear drive. Easy 
addition of mixing barrel, oper- 
ated from same drive. 


rock and concentrate; sink-float concentration; and 
many others. The Akins is made in sizes up to 84”, 
simplex and duplex, in two types—small and large 
settling pool. The Akins Heavy-Media Separator is 
the only unit available which can make a 3-product 
separation in one machine from one medium 


cleanup circuit. 


SKINNER ROASTERS AND DRYERS A 


For roasting, calcining, and 


drying ores, clays, limestone, 
limestone mud, flotation con- 
centrates; decomposing oil 
sludge in the process of re- 


covering sulphuric acid. 
Coal, oil or gas fired. Sizes 


to 23’6” inside diameter; up 


to 12 hearths. 


REPRESENTATIVES 


Licensed Manufacturers and Sales Representatives: 
Canadian Locomotive Co., Ltd., Kingston, Ont., Canada 
John Carruthers & Co. (Pty.), Ltd., Sydney, Australia 

Head, Wrightson & Co., Ltd., Stockton-on-Tees, England 
Head, Wrightson & Co., S. A. (Pty.), Ltd., Johannesburg 
Sales Agents: 

Andrews and George Co., Inc., 5 Shiba Park, Tokyo, Japan 
Edw. J. Nell Co., Manila, P. I. 

Continental Sales and Equipment Co., Hibbing, Minnesota 
R. H. Clark Equipment Co., Mulberry, Florida 

Mines Engineering and Equipment Co., San Francisco, Calif. 


LORADO IRON WORKS CO. 


DENVER, 


COLORADO 


A SUBSIDIARY OF THE MINE & SMELTER SUPPLY CO. 
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(Continued from page 32) 
different parts of the deposits. By 
mining these ores on a schedule 
based on the policy of continuous 
operation over many years, it will 
be possible to mine an average grade 
of ore which will compare favorably 
in nickel content with the ores we 
have been mining in Sudbury for 
some years. However, these deposits 
differ from our Sudbury ores in that 
they contain very small quantities of 
copper while the Sudbury ores are 
high in copper content. 


Extensive Exploration Necessary 
“The territory over which favor- 
able mineralization has been found 


is some 75 to 80 miles in length, 
with the width averaging approxi- 
mately five miles,” he said. “Further 
extensive exploration work will be 
necessary within the limits of the 
area which we have outlined.” 

Eighteen diamond drills are in ac- 
tion at present in the Mystery-Moak 
Lakes area, operating both under- 
ground and on the surface. Addi- 
tional driving is in progress on the 
1300-ft level in order to explore the 
orebody at deeper horizons. It is 
planned to use the exploration shaft 
as an entry for the development of 
the orebody. About 235 men are cur- 
rently employed at the shaft or on 
diamond drills in the area. 


ground. 


Main exploration camp at Moak Lake showing site of exploration shaft (circled) in back- 


Close view of circled area showing headframe, oil storage tanks, and surface buildings. 


with 
DOW CORNING 


SILICONE 


COMPOUND 


For dependable low cost protection 


against power failures and high electri- 
cal maintenance costs, apply Dow 
Corning 3 Compound to battery termi- 
nals, plugs, sockets, fuse cartridge clips 
and lamp bulb bases. A grease-like 
silicone dielectric, Dow Corning 3 stops 
corrosion—repels water—protects against 
acids, alkalies and corrosive fumes. 


As a dielectric seal in cable connectors 
and disconnect switches, Dow Corning 
3 prevents arcing, excludes moisture and 
mine dust, reduces the hazard of explo- 
sions. Also protects rubber parts and 
cable from oxidation; keeps rubber soft 
and flexible. 


Semi-inorganic Dow Corning 3 is unaf- 
fected by and won't attack ordinary 
materials including plastics, rubber, 
fabrics and metals. Highly oxidation 
resistant, it won't gum, harden, crack 
or melt at temperctures from —40 
to 400 F. 


send for Free Sample 


and more technical information 


DOW CORNING 
SILICONES 


DOW CORNING CORPORATION 
Dept. 5613, Midland, Michigan 
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Another New Mine Car Development from Sanford-Day...— 


BETTER 
TRACKABILITY 


CLEAN 
SHEDDING 


S-D “ONE-DOOR”’ BOTTOM DUMPING CAR 
OFFERS INDUSTRY MANY ADVANTAGES... 


AND RUGGEDNESS OF DESIGN! This new one- 
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door bottom dumping designs offers greater 
cubic foot capacity for the same overall dimen- 
sions than has been possible to obtain in 
granby or rocker dump designs. Also, we 
have a much better balanced car in this new 
S-D “One-Door” Car with a low center of 
gravity for improved trackability. This out- 
side frame construction also permits us to 
build these cars with a door opening that is 
maximum width between bottom flanges of 
rails. Also, outside frame construction lends 
itself well to the use of spring mounted trucks, 
which may be added to meet your specific re- 
quirements. Note there are no inside gussets 


@ GREATER CAPACITY FOR 


SAME OVERALL DIMENSIONS OF 
GRANBY OR ROCKER DESIGNS 


@ LOW CENTER 
OF GRAVITY 


_,..Metal and Non-Metallic Mining’s 


or stiffeners on inside of car body or materials 
side of specially designed door to retard clean 


shedding of materials. This feature has par- 
ticularly impressed users. On this car flares 
are on 60 degree. Cars are designed and built 
to meet the requirements of loading by over- 
shot loader or chutes. This new car is also 
submerged arc welded for parent metal 
strength as are all Sanford-Day mine cars! 
Also, overall length may be increased. Let 
us analyze your problem and supply you with 
this car in the proper flare design to meet the 
shedding requirements of your material. 
Manufactured exclusively by Sanford-Day, 
Knoxville, Tenn. 


‘ 
— | 
@ WIDE 
DOOR OPENING 
/ pump 


An S-D Automatic with ’ 
Spring-Mounted Trucks 


An S-D Man Car 
with an S-D Brakeman 
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URANIUM ORE SOFT COAL 


EW industrial customers are in the market for 

quantities of the atomic materials available from 
Uncle Sam through the Atomic Energy Commission. 
Most acceptable buyers must pay prices per pound 
that are high when compared with those of most 
rare metals, though such customers as research in- 
stitutions are often eligible for discounts. If you can 
meet the stringent requirements of the AEC, the 
prices in the following list are those you might 
expect to pay: 


Uranium 238—The hard, nickel-white natural metal 
—$40 per kg, or $18.18 per lb. 


Uranium 235—The fissionable isotope of uranium 
found in natural uranium 238 in a quantity of 0.7 
pcet—$16 per g, or $7272 per lb. 


Uranium 233—The fissionable material that is formed 
from thorium—$15 per g, or $6816 per lb. 


Plutonium—The reactor-formed fissionable material 
made from uranium—$12 per g, or $5454 per lb. 


Thorium—The metal whose ore is often found in 
combination with uranium ores—$43 per kg, or 
$19.54 per lb. 


Beryllium—The metal used as a structural material 
in reactors—$104.50 per Ib. 


Zirconium—The metal, possessing both basic and 
acid properties, used in making containers for fis- 
sionable materials—$23.07 per lb. 


Heavy water—Deuterium oxide which is used as a 
reactor coolant and moderator—$28 per Ib. 


RANIUM ore production in the U. S. in 1948 

amounted to about 70,000 tons. The approxi- 
mate present figure is 3 million tons per year, and 
forecasts predict yearly tonnages may reach 5 or 6 
million. Output from existing mines continues to 
show rapid upswings and several areas under de- 
velopment have been expanded. “Upon completion 
of projects now under way, or definitely planned,” 
says the AEC, “production of the free world should 
exceed 30,000 tons of uranium oxide (U,O,) per 
year, and this production can be increased if larger 
demand develops.” And the U. S. is now the leading 
producer in the free world. 

It is expected that the number of mills now in 
existence may be doubled by 1958. Capacities range 
from 200 to over 2000 tpd, but in certain areas large 
stockpiles indicate that more ore is produced than 
there is mill capacity to process it. The AEC expects 
normal inventories when mills and expansions on 
present facilities have been completed. All new con- 
struction and expansion of mill facilities is subject 
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to the approval of the AEC, but all of it is privately 
financed. 

Government’s plan for gradual disengagement, 
aside from regulatory activities, has shown itself 
in programs of exploration also. Potential reserves 
of producing areas are estimated at 30 million tons 
of uranium ore, and inferred ore reserves have been 
estimated to be present in another like quantity. 
But in the first half of 1956 the government drilled 
only about one-fifth of the amount of hole that it 
drilled in the last half of 1955. According to the 
AEC, “Total private drilling during the first half of 
1956 was estimated at more than 4 million ft, which 
is nearly equal to total private drilling for the entire 
year of 1955.” 

In nuclear research and development, disregard- 
ing the weapons field, private industry will conduct 
one-fourth of the work done between 1955 and 1958, 
according to a recent atomic industrial forum. And, 
by 1964, combined spending by industry and gov- 
ernment may reach a cumulative total of $7.5 
billion. 


O dim view of the future of bituminous coal is 
being taken in the U. S. despite the enthusiastic 
reception being given to atomics as a source of en- 
ergy. The National Coal Assn. has published a 164- 
page book, Bituminous Coal Trends 1956, which as- 
serts that the common characteristic of forecasts on 
future energy needs is that still higher annual pro- 
duction of coal will be needed in the next quarter 
century. It states, “Without exception, every one of 
these studies estimates that coal production must 
rise through the years so that by 1975 annual output 
will be higher than any year the industry has so far 
known.” Significant also is an excerpt, pertaining to 
the rate of growth of electric power, from a govern- 
ment panel report to the Joint Committee on Atomic 
Energy. “Within 25 years,” it maintains, “our total 
electrical output may have gone up 3 to 5 times. If 
so, the national investment in generating, transmis- 
sion, and distribution facilities will have risen from 
around $40 billion to between $125 and $210 billion. 
“Using forecasts favorable to a high rate of atomic- 
power growth, atomic reactors would, in 1980, still 
be generating less than a fourth of our power. Using 
forecasts pessimistic to the use of fossil fuels, steam 
powerplants then will still be burning more than 60 
pct more coal than they do today.” 

And coal today, emphasizes Trends, is the domi- 
nant source of energy. In direct competition with 
anthracite, fuel oils, liquefied petroleum gases, natu- 
ral gas, and hydroelectric power bituminous coal 
contributes 37.3 pct of the fuel and power needs of 
the nation, it states. 

Looking at markets, Trends says, “The changing 
patterns of consumption in coal’s various markets 
have fostered a growing belief, both within and out- 
side of the industry, based on recovery beginning in 
the fourth quarter of 1954, that the coal industry is 
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now on the threshold of a new era of expansion. This 
feeling is based on the assumption that a balance has 
been achieved between coal’s declining and expand- 
ing markets.” 

It was directly after World War II that tremen- 
dous declines occurred in the use of coal for home 
heating and for railroad fuel (biggest coal market 
until 1949). Moreover, large imports of oil and ex- 
pansion of natural gas pipelines speeded the market 
drop. But an upward trend, which is expected to be 
maintained, occurred with increasing demand for 
coal by steelmakers and electric utilities and for ex- 
port. Exports first strengthened in volume because 
Europe was crippled for lack of the soft coal which 
is there the basic commodity of industry. And now 
the export market is expected to be stable and con- 
tinuing because the European industrial system has 
shown much vigor. This looking upward has brought 
about a production forecast for 1957 which the asso- 
ciation puts at 532 million tons. The increase over 
the 1956 estimate of 509.6 million is 22.4 million tons. 
It would appear that unless something unforeseen 
occurs the American coal industry can look forward 
to a market that is growing instead of one that is 
merely being maintained. 


RADITIONAL stoppers on diamond production 

have reportedly been pulled in an effort to meet 
a fast growing demand. And even this upstep in 
output seems insufficient to meet all requests. No 
South African wanderer is liable to trip over loose 
diamonds in his travels today, and some of the most 
productive pipes containing the diamantiferous blue 
earth have long been mined out. 

Much of the bustling diamond market concerns 
the elusive stones of gem quality but industry is 
taking as many of the darker shaded carbon crys- 
tals as the mines can supply. The Belgian Congo is 
today the most important natural source of the 
diamonds used by industry. About 94 pct of the 
stones mined there are of the quality used in such 
varied items as mining drill bits, wire making dies, 
and even bowling ball shapers. 

Demand has led to knocking at laboratory doors 
but so far researchers have only come up with small 
dark stones in experimental quantities. As gem 
stones constitute the monetary bulk of the business, 
these scientific dabblings cause little concern in the 
minds of jewel merchants. But such a major pro- 
ducer as De Beers Consolidated Mines Ltd. is not 
likely to sniff at diamond research work. Labs are 
finding new uses for diamonds and this means mar- 
ket stability if gem demand should slacken. 

Though diamond prices have risen considerably, 
increased demand does not necessarily create a pic- 
ture of higher and higher rates. Research is ex- 
pected to lead to one stone doing the work that now 
takes several. 


NCREASING use of magnesium as a reducing 
agent in the production of such vital metals as 
uranium, titanium, and zirconium is expected to 
give impetus to construction of new magnesium- 
producing facilities. In such uses as building mate- 
rials, cathodic protection for ship hulls, and certain 
alloys, magnesium of sufficient purity is produced 
by the electrolysis of magnesium chloride. Dow 
Chemical Co. produces this material from sea water 
at two plants, a 25,000-ton unit at Freeport, Texas 
and the government-owned 50,000-ton Velasco, 
Texas plant. This magnesium contains impurities 
of not over 2000 ppm. But as a reducing agent for 
the manufacture of the difficultly extracted rare 
metals, magnesium of still higher grade is necessary 
or much desired. 

Presently the government is operating a plant 
that, specifically, produces the high purity magne- 
sium required for the reduction of uranium tetra- 
fluoride to metallic uranium. Located at Canaan, 
Conn., the plant has a capacity of 5000 tons per year. 

As more of the new metals are required, and as 
government steps up the transfer of atomic business 
to private industry, greater capacity is the prospect. 
Dow Chemical, in addition to its work on high 
purity magnesium, reportedly intends to expand 
combined output of its plants by about 10 pet. 
A new metal producer, Alabama Metallurgical Corp., 
has laid plans for a 10,000-ton high purity magne- 
sium facility, to be built near Birmingham, that will 
use the Pidgeon process (ferrosilicon reduction of 
magnesium oxide obtained from burnt dolomite). 
At present all U. S. magnesium on the market is 
produced by the Dow Chemical Co. 


NDUSTRY will buy more ultrasonic equipment in 

1957 than in all previous years combined, accord- 
ing to a prediction by an ultrasonics symposium re- 
cently. For a good many years supersonic waves or 
vibrations were mere laboratory oddities that could 
suspend tennis balls in midair without seeming sup- 
port and accomplish the emulsification of water and 
mercury in a test tube. But now the powerful sound 
waves are being used in an amazing number of prac- 
tical applications, and proponents are optimistic 
about future uses. Utilization of ultrasonics has, 
among others, been made in such applications as ore 
beneficiation; initiating, accelerating, and controlling 
chemical reactions; precipitating liquid suspensions; 
precipitating smoke and fume particles; improving 
heat transfer rates; cleaning and degreasing metals; 
testing for flaws, bubbles, cracks, or corrosion in 
solid metals. 

Some obstacles to progress in the field have been 
seen. One complaint is voiced over the amount of 
secrecy enfolding each new development. There is 
also seen a lack of research in the industries that 
would benefit most from new discoveries and an ab- 
sence of standards to base work on. But these are the 
growing pains of any newly developed field of high 
industrial interest, and further work will probably 
bring the maturity that carries their solution. 
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1956 has, in many respects, been a record 


year for us... characterized by advances 
in technology and an all-time high in vol- 
ume of new orders and also billings through- 
out the world. This meant a year of strenu- 
ous adjustment due to the necessity of in- 
creasing our productive capacity to parallel 
our growing volume of business. 

The acquisition of the Merco Centrifugal 
Co. of San Francisco on February 1, added 
centrifugals to our product line. This 
natural outgrowth of our cyclone work has 
se lg to be a most successful move. Simi- 
arly, the year has demonstrated the 
strength of our new Canadian subsidiary, 
Dort-Oliver-Long of Orillia, which became 
the newest member of our corporate family 
on January 1, 1956. Yet another step in the 
overall corporate growth picture was the 
completion of plans to add the ninth mem- 
ber of our overseas family, Dorr-Oliver Pty. 
Ltd. of Australia on January 1 of 1957. 

Steps in matching our productive ca- 
— to our growing needs included a mil- 
ion dollar expansion of our Hazleton plant 
scheduled for completion at the year’s end 
and the opening of a sizable new production 
facility nearby in Pennsylvania. Currently, 
a long term expansion and reallocation pro- 
gram is underway which will step-up our 
ability to produce, and to serve, still further. 

Growth and change in other operating 
areas of the parent company also kept pace. 
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A broad reorganization of our domestic 
sales structure added new eographical di- 
visions and was principally designed for 
better sales coverage and service. In engi- 
neering, the pressure of increased volume 
resulted in the opening of a branch engi- 
neering office in Pennsylvania, close by our 
East Coast plants, which has proven to be 
most worthwhile. 


FERTILIZER — One of the highlights of the 
past year was the largest single D-O order 
ever received involving a phosphoric acid 
and 200,000 ton per year triple superphos- 
phate plant for a Florida producer. The scope 
of our services on this project includes 
architect-engineer design, supply of equip- 
ment and construction materials, and super- 
vision of erection and initial operation of the 
plant. 

Other major design projects undertaken 
during the year were a 450/000 ton per year 
complete granular fertilizer plant in Great 
Britain, a 350 ton per day ammonium phos- 
phate installation in Montana, and a phos- 
phoric acid plant for Venezuela designed to 
produce 50 tons of P.O; per day. During the 
_ construction of a D-O engineered 

cottish granular fertilizer plant was _vir- 
tually completed, and Traveling Pan Filters 
were ordered for the difficult gypsum- 
phosphoric acid separation in a number of 
new chemical fertilizer plants around the 
world, 


SANITATION — The new Spirovortex- 
Superate Filter will produce a degree of 
purity comparable to that attained using the 
activated sludge process in plants treating 
up to one MGD of domestic sewage. We have 
developed the Degritting Clarifier and Clari- 
gester for low cost grit removal in small 
plants and during the year we have incor- 
porated important new features into the design 
of our Vacuum Filters for the sanitary field. 

The completely D-O equipped sewage 
treatment plant for Karachi, on rep- 
resents the largest order in the sanitary field 
ever entered by our associates in The 
Netherlands. Typical of other new D-O 
equipped installations are those under con- 
struction in such diverse locations as 
Charlottesville, Virginia; Caldwell, Idaho; 
Midwest City, Oklahoma; Delhi, India; 
Nairobi, Kenya; and Rio de Janeiro, Brazil. 
Expansion of Providence, Rhode Island, 
treatment facilities calls for installation of 
nine Dorr Clarifiers, all over 100 feet square, 
and at Louisville, Kentucky, four 275 foot 


long Monorake units will be added. 


METALLURGICAL — Recently placed on the 
market, the DSM Screen is an ingenious, 
high capacity screen capable of separations 
as fine as 200 mesh. Adapted from the Dutch 
design, the unit has operated very success- 
fully on coal and will = a wide variety 
of non-fibrous feed slurries. Other high- 
lights of the year include a number of 
Thickener-Filter combinations and Bowl 
Desiltors installed in Eastern coal fields, a 
D-O equipped iron ore washing plant in 
California, and a variety of cement plant ex- 
pansion equipment orders. 


RESEARCH AND DEVELOPMENT — As a 
matter of policy, fundamental research con- 
tinues on our expanding line of basic unit 
operations. The principle of operating in 
many different but allied fields ore, Boa 
situations wherein fundamental research can 
produce new and useful products and proc- 
esses. Such is not possible when interest 
is confined to but a ow basic operations, as 
in our early years. 

Similarly, general company development 
is continuing the search for new products 
allied in some manner with our experience 
and facilities. In this search we count 
heavily on the assistance and cooperation 
of our Associates throughout the world. 


ALUMINA AND MAGNESIA — Plant ex- 
pansions in both fields contributed heavily 
to the year’s business as four of the world’s 
major alumina producers in the Gulf Coast 
area and Jamaica ordered a total of 45 
Filters, 20 Thickeners and 26 low pressure 
pumps of various types and sizes. In Michi- 
gan, three magnesia-from-brine plants will 
add a variety of agitation, filtration and 
thickening equipment; while a West Coast 
magnesia-from-sea water producer will em- 
ploy extensive D-O equipment. 
POLYETHYLENE — Our contribution to one 
of today’s most spectacular and rapidly 
rowing fields — polyethylene — is the 
Merco Pressure Centrifuge, developed spe- 
cifically for high pressure, high temperature 
operation. The basic unit was developed, de- 
signed and manufactured in record time to 
keep pace with the expanding industry. First 
commercial Centrifuges will go on stream 
early in 1957 separating catalyst from liquid 
polyethylene. 
FLUOSOLIDS SYSTEMS — A large steel pro- 
ducer in the United States finalized plans 
for a new fine coal washing plant using a two 
Reactor FluoSolids Coal Drying System de- 
signed to handle 600 tons of = 
coal per hour. In the non-metallics field, 
three fluidized Reactors went into operation 
— two in the Detroit area drying blast fur- 
nace slag used in cement manufacture, and 
the other calcining clay in Scotland. Systems 
are now under construction to dry and 
re-heat oyster shells and to calcine 
Massachusetts limestone. 

Four new installations in Japan will roast 
265 tons of zine concentrates daily, produc- 
ing both a readily usable calcine arid SO, 
bearing gases for contact sulfuric acid manu- 
facture. During the year two installations in 
the U. S. and South Africa operated success- 
fully roasting copper for direct electrowin- 
ning. And pyrite roasters were ordered for 
a Canadian uranium mill, Chilean and 
Nicaraguan copper concentrators, French 
and Philippine fertilizer plants, and two 
Scandinavian pulp mills. In all, 21 fluidized 
Reactors were sold in 1956. 

URANIUM — Four new or expanding uran- 
ium mills in the United States and Canada 
will employ a wide variety of types and sizes 
of Agitators, Thickeners and Classifiers to 
perform the various leaching, dewatering 
and classification steps. One of these — a 
West Coast installation — will also install a 
d-i system to concentrate and purify uran- 
ium bearing solution. 
INDUSTRIAL WASTES — D-O —— treat- 
ment plants handling chemical wastes were 
installed by a German and two British chemi- 
cal manufacturers. The former installation 
incorporates the first D-O equipment to be 
eS for this purpose in Germany since 
forld War II. Next year two Southern pulp 
mills will clarify wastes in giant 300 foot 
Thickeners installed in earthen basins, and 
a U. S. steel company will recover flue dust 
in a completely D-O designed installation. 
Two similar flue dust recovery stations were 
also ordered from our British subsidiary 
during the year. 


The year’s impressive record of sales and 
technical accomplishment has been made 
by the hard work of our staff in every corner 
of the globe. The success of our operations 
aatendlly rests wholly with them, despite 
the importance of the tangible facilities 
and tools with which we work. In the year 
now drawing to a close this was again 
demonstrated, and as the tools and facili- 
ties we give them expand and become of 
better quality, so will our staff be able to 
produce greater volume and increasing 
returns. 


J. D. Hrren, Jr. 
November 20, 1956 President 
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The Bowling Champ 
buys a custom-made ball 


because he gets 


something EXTRA 


the profit-wise operator 


BUYS TRAYLOR 
TC GYRATORY CRUSHERS 
for the same reason 


Traylor TC Gyratory Crushers are Traylor- 
made in 7 sizes with feed openings from 
20” to 60” .. . capacities range from 1240 
to over 32,000 tons per eight-hour day. For 
complete capacities, specifications and 
descriptions, send for Traylor Bulletin 
No. 11-120. 


TRAYLOR ENGINEERING & MFG. CO. 
903 MILL ST., ALLENTOWN, PA. 

Sales Offices: New York—Chicago—San Francisco 

Canadian Mfr.: Canadian Vickers, Ltd., Montreal, P.Q. 


the experts agree... there’s nothing like 
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. A 
equipment for peak performance 
= leads to greater profits 
| 
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This is a mine haul road on Forest Service land about 
a dozen miles out of Lowman, Idaho. A CAT* No. 12 
Motor Grader maintains 22 miles of it for Hi Dayley 
of Boise, under contract to Porter Bros. Corp. 


Porter Bros. own two dredge mines near Bear 
Valley, working rare earths—uranium, monazite, ti- 
tanium and other minerals. They need this road 12 
months of the year. It’s always a rugged maintenance 
job for the No. 12—mountainous, sandy, rocky. But 
this photo was taken in May, and during the winter the 
temperature dives to 56° below and the snows level off 
at around 11 feet. Still the No. 12 clears the way for 
the ore haul, day in, day out. When the snow is deep, 
the Domor Snow Blower is used to move the snow well 
back from the roadside. 


The Cat No. 12 is a tough, smooth-working ma- 
chine, made for rough duty like this. Its new oil clutch 
means better, easier operation and considerably less 


Clearing the way for ore 
—where the going’s really tough! 


maintenance. Its controls are mechanical: fast and 
positive. It can swing that long-life blade from ditch 
cut to bank cut in less than a minute, without link ad- 
justment. It features convenient in-cab starting, ex- 
cellent visibility (notice the operator sitting down) 
and many other advantages. Its powerful 115 HP Cat 
Diesel Engine runs smoothly and faithfully on low-cost 
non-premium fuels. 


For full details on the No. 12—product of the 
world’s largest manufacturer of motor graders—see 
your Caterpillar Dealer. See him, too, for expert serv- 
ice, and for replacement parts you can trust. 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A. 


Tractor Co. 
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Who's Going? 


EXT month is AIME Annual Meeting time in 
New Orleans. Judging from reservations al- 
ready received at AIME headquarters the meeting 
will be well attended. But when the Annual Meeting 
convenes, will those attending be only the already 
well established men in the profession, the top or 
near-top executives in the field? Or will the younger 
group also be well represented? AIME is endeavor- 
ing to increase the scope and number of meetings 
(Drift, November 1956, p. 1087) to meet the demands 
of all the diversified types of engineers served by the 
Society. The degree of utilization of these oppor- 
tunities depends upon industry. If only the more ex- 
perienced company men are given the opportunity 
to attend such meetings, industry is not taking the 
utmost advantages of the professional society. By in- 
vesting a bit more in time and money to enable sev- 
eral of the younger engineers to attend, benefits of an 
intangible nature can be gained far exceeding those 
that are measurable. 

The reason most often given for not sending 
younger engineers to such meetings is that, “some- 
one might offer him a job.” But, pages of every major 
paper, every week, are devoted to “recruitment” ads 
from engineering and industrial firms in desperate 
need of technicians. Typical of today’s headlines are 
these examples: 


Mining Company Offers Top Jobs; 
10 Engineering Graduates Sought 


We Need 100,000 Engineers 
In 10 Years, Executive Says 


Government Faces Technician Shortage 
Defense Secretary Reports 


The young man, discontented or disillusioned with 
his present position, is not going to wait to be ap- 
proached by a prospective employer at a meeting he 
might someday attend. 


Developing the man on the job 


Although the supply aspect of the problem has re- 
ceived wide-spread publicity, there is another, less 
familiar side—utilizing to the fullest the capacities 
of those who are already graduate engineers working 
in the field. To quote from a recent Drift: 


The second point is the utilization _of engineers 
by private industry itself. An EJC report on profes- 
sional standards and employment conditions em- 


MINING 


engineering 


phasizes the importance of this aspect. It is a diffi- 
cult job for any group to go to the leaders of 
industry and ask them to make an “agonizing re- 
appraisal” to see if their professional employees 
are being used to their fullest capacity. Yet, sta- 
tistics show that most engineers leave their jobs 
because they don’t feel that they’re doing what 
they were trained for, or that they were not get- 
ting recognition for that work. The job turnover 
figures for engineers less than three years out of 
college (or the Army) are truly shocking. (Drift, 
MINING ENGINEERING, September 1956, p. 891). 


Professional societies such as AIME can make a 
most beneficial contribution toward solution of this 
problem. Through material published in MINING 
ENGINEERING the young engineer can keep abreast of 
current developments and progress in his particular 
specialty and can gain a sense of his professional 
status. 

Far more important, however, is the part played 
by participation in the regional and all-Institute 
meetings of AIME. At such meetings engineers from 
various parts of the country and the world have a 
chance to discuss mutual problems, to exchange 
ideas, to learn—through the presentation of techni- 
cal papers—the latest developments in various as- 
pects of the mining industry. For example, an engi- 
neer from Montana may meet, at one of the technical 
sessions, a man in a similar situation from South 
America. Both may return to their respective firms 
with new ideas that will result in considerable cost 
Savings or in increased efficiency. 

Companies spend large sums each year for adver- 
tising and promotion in order to increase their po- 
tential business and good will. Compared to this, an 
investment in morale-building and professionalism 
by sending younger men to meetings seems well 
worth its price. It doesn’t make sense (under present 
conditions) to foster engineering enrollment in col- 
leges and universities in order to increase the supply 
of mining engineers, unless the industry also grasps 
every opportunity to encourage and develop those 
young engineers already trained. 

The younger man who attends a meeting at com- 
pany suggestion has received a company vote of con- 
fidence; he gains a sense of the value of his profes- 
sion and his part in it; and he can begin to evaluate 
the worth of his work to his own company. 


R. A. Seals 
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Adjustable Feed Pressure 
Automatic Water and Air for Pusher 
and Drilling Mechanism. Extra- 
Strong Blowing 


Feed Pressure Release and Retrac- 


tion of Leg 


RETRACTABLE LEG AND ONE-HAND 


e 


GRIP-CONTROLS SPEED DRILLING TIME 


For years Atlas Copco have been the world’s largest 
manufacturers of pusher leg drills. Since 1937 when 
Atlas Copco, far ahead of any other manufacturer, 
introduced their first pusher leg drills, they have con- 
tinuously improved the design of these drills. Their 
latest development, the Atlas Copco ‘Lion’, combines 
an unequalled ease of operation together with a high 
drilling rate—both contributing to a higher footage 
per manshift. 


All controls under one hand 

The Atlas Copco Lion is the first drill to have all the 
valves which operate the drill under the control of one 
hand. Full control without having to move the hand 
from the backhead! 
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The valves are all easy to operate. By the use of only 
the fingertips the drill can be started or shut off, the 
feed can be adjusted to the pressure required, or 
retracted for an advance, and the extra air-blowing 
can be brought on to clean the holes. 

All the control handles have been designed in such a 
way that they are well protected. While using them 
the operator’s hand is never near the wall or roof of 
the drift. The Lion is the first pusher leg drill with 
controls placed for drifting. 


Retractable leg saves time 
When the leg has to be moved the feed pressure is 
easily released by squeezing the hand grip. By further 
pressure on the grip the leg retracts automatically. 


Pusher leg moves forward with drill in full action 


1. Tighten your grip 
on feed pressure 
release handle. 


2. Release of feed 
pressure and retraction retraction of leg ends 
of leg respectively. and leg receives full 
The leg moves on to feed pressure. 

new position. 


When the leg is in the new position suitable for con- 
tinuous drilling, retraction stops and the feed pressure 
comes back by loosening the grip of the hand. All this 
can be done while the drill is still running. 


This new idea of a retractable leg enables quicker re- 
positioning of the leg and reduces the number of steel 
changes, thereby increasing footage per manshift. 
When drilling high holes it is now far easier to alter 
the position of the leg more frequently in order to 
maintain an optimal feed angle and feed pressure. 


Packed with power for deep holes 

The Lion has a drilling rate at least 30% higher than 
other rock drills of the same weight. Furthermore, it is 
designed so that it can maintain its high speed even 
when drilling deep holes. This means quickly drilled 
deep hole rounds and a faster, steadier advance. You'll 
also find that the Lion reduces to a minimum the gauge 
wear of the bits in abrasive rock. And owing to the 
ease with which the feed pressure is released and 
brought back into action, the Lion is a handier drill to 
work with in fissured rock. 


Sandvik Coromant—the right steel for the Lion 
All Atlas Copco drills—and this goes for the Lion— 
have been developed from the earliest stages with 
Sandvik Coromant tungsten-carbide-tipped integral 
steels and detachable bits. No drill or steel developed 
separately could ever give such equivalently high per- 
formances as this drilling combination. It is today the 
most widely used in the world, responsible for drilling 
more than one billion feet per year. 


Free Demonstration! Wire, ‘phone or write today to 
any one of these offices and see the Atlas Copco Lion in 
action for yourself. 


U.S., Atlas Copco Pacific, Inc., 930 Brittan Avenue, San 


Without changing the grip of the hand the driller 
can easily position and control the machine, saving 
time and reducing fatigue. 


Carlos, California. Atlas Copco Eastern, Inc, P.O. Box 
2568, Paterson 25, N.J. 

yaa Atlas Copco Canada Ltd., Montreal Airport, 
MEXICO, Atlas Copco Mexicana S.A., Apartado 56, 
Torreon, Coahuila. 

The ATLAS COPCO GROUP puts compressed air to 
work for the world. It is the largest group of companies 
specializing solely in the development and manufacture of 
compressed air equipment. It embraces Atlas Copco com- 
panies or agents manufacturing or selling and servicing 
Atlas Copco equipment in ninety countries throughout 
the world. 


Sltlas Copco 


Manufacturers of Stationary and Portable Compressors, Rock-Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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Caterpillar 


George Atchison (left), engineer, and J. G. McVay, superintendent, with Coterpillar-powered 
Vulcan locomotive owned by Lone Star Cement Co. of Jackson, Ala. 


TORQUE CONVERTER SMOOTHNESS # 
DIESEL FUEL ECONOMY = 
BIG SAVINGS FOR LONE STAR 


Lone Star Cement Co. of Jackson, Ala., installed Caterpillar 
D318 Torque Converter Power Units in two 12-ton Vulcan 
locomotives, replacing gasoline engines with conventional 
transmissions. Let J. G. McVay, superintendent, tell the 
story: “With these CAT* Diesels, we’ve gotten away from 
a lot of costly transmission repairs and maintenance. And 
we used to burn 22 gallons of gasoline in an eight-hour 
shift. Now we use only 10 gallons of fuel oil per eight 
hours—a big saving to us.” 


The two locomotives make 40 to 45 round trips per 
day over the two-mile track from pit to loading conveyor. 
They haul six cars, each loaded with seven tons of lime- 
stone and clay, up a two per cent grade. A Caterpillar 
Engine with torque converter is ideal here. Engine power 
is smooth and oil-cushioned, moves off with big loads 
quickly, and climbs grades without shifting. 


The Caterpillar D318 is a 137 HP (maximum output 
capacity) diesel that operates on money-saving, non- 
premium furnace oil. Thanks to its four-cycle design, there 
are no cylinder ports or air boxes to clean. And its large- 
orifice, Caterpillar-built fuel injection system means that 
the engine will not foul, even when idling for extended 
periods. With such Caterpillar features as “Hi-Electro” 
hardened cylinder liners and crankshafts, aluminum-alloy 
bearings and highly effective oil, air and fuel filters, this 
rugged yellow engine is built to stay on the job and 
out of the shop. 


There’s a full line of Caterpillar Torque Converter 
Power Units up to 650 HP (maximum output capacity). 
Leading manufacturers can supply mining equipment with 
Caterpillar power. And your Caterpillar Dealer can install 
a Cat Diesel if it’s time to repower. Discuss your engine 
needs with him soon—and count on him whenever you 
need skilled service or parts you can trust. 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A. 


CATERPILLAR’ 


“Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co 
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Pelletizing 


by John P. Bingham 


RACE mine and mill, owned by Bethlehem-Cuba 
Iron Mines Co. and operated by Bethlehem 
Cornwall Corp., are being developed to produce 
9600 tons of 424% pct Fe magnetite ore, to yield 5760 
tons per day of agglomerated iron concentrates 
averaging 65 pct Fe. Located about 14 miles south 
of Reading, the property is ideally situated in rela- 
tion to good highways and railroad. Three major 
steel plants, at Bethlehem, Steelton, and Sparrows 
Point, Md., are about equidistant from the mine. 

Discovery of the orebody resulted from an air- 
borne magnetometer survey, completed in 1948, con- 
sisting of 7000 lineal miles of flight lines spaced 
one-fourth of a mile apart and extending from the 
Delaware River on the east to Gettysburg, Pa., on 
the west. After examining the magnetic maps, Beth- 
lehem’s geologists made limited surface traverses 
over the Grace mine and Warwick area to check 
the location, and realtors were engaged to purchase 
the desired properties over and adjacent to the area 
showing favorable indication of ore. 

To prove the information obtained from the aerial 
survey a diamond drilling program was laid out and 
on Sept. 1, 1949, the first drill reached the property. 
Qn Dec. 19, 1949, ore was encountered at a depth 
of 1524 ft. By January 1951, 17 holes had been 
completed, spaced on 600-ft coordinates and averag- 
ing 2200 ft deep. 

The magnetite orebody is tabular, varying in 
thickness from 22 to 425 ft. The dip is to the north- 
east, varying from 16° near the top to 33° as the 
ore gets deeper. The strike is north 70° west. 

Geology: In the immediate vicinity of the mine, 
triassic shales, sandstones, quartzites, conglomerates, 
and paleozoic limestones are found. These have 
been intruded by diabase sills varying in thickness 
from a few feet to 1200 ft for the main sill. This 
exposure of diabase dips northward and forms the 
footwall of the orebody. Mineralizing solutions that 
followed intrusion of the diabase have replaced the 
paleozoic dolomite or limestone which underlay the 
triassic sediments, giving rise to an iron ore con- 
sisting of magnetite, pyrite, pyrrhotite, and other 
gangue minerals such as chlorite, serpentine, tremol- 
ite, and some garnet. 


J. P. BINGHAM is General Superintendent, Morgantown Div., 
Bethlehem Cornwall Corp. 


Shafts: In August 1951 work was started on A 
shaft. This concrete-lined, circular ore hoisting shaft 
is 21 ft 6 in. diam, with steel sets on 8-ft vertical 
centers, and has been sunk to a depth of 2208 ft. 
The shaft contains two skipways and a cage com- 
partment. Ladders, pipe columns, and electrical 
lines occupy the remaining segments of the circular 
shaft. In conjunction with the shaft sinking an ore 
pocket, car dump, and 250 ft of level plat drifting 
were completed on each of the first four levels. 

The man and material B shaft, 280 ft south of A 
shaft, is also concrete-lined and circular with steel 
sets but is 17 ft 6 in. diam, with one cage compart- 
ment and a ladderway. Begun in September 1952, 
B shaft was sunk to a depth of 3079 ft. Starting at 
1812 ft below collar and at 100-ft intervals there- 
after, level landings were cut as the shafts were 
advanced. Twelve level landings were constructed 
in B shaft. Twenty-eight working days were re- 
quired to complete the excavation, concrete lining, 
and steel installation for 112 ft of B shaft, plus the 
30 ft of level landing. In conjunction with the shaft 
sinking, three small 5x7-ft manway drifts were 
driven from B shaft level landings to the tail track 
drift from A shaft. A pumproom and sump drifts 
were also constructed at the 1548 level. These sump 
drifts were driven out to intersect the bottom of 
rotary drillholes previously drilled to dewater the 
area around the two shafts. 

Head Frame: The A shaft head frame of all-steel 
construction stands 180 ft high. An elevator has 
been made available for transporting personnel. A 
700-ton live storage ore bin and an 800-ton live 
storage rock bin are included in the structure. 

Hoisting: At A shaft the ore hoist has double 
cylindrical drums of 15-ft diam. Semi-automatic, 
it is powered by two de motors of 2250 hp and is 
rated at a hoisting speed of 2400 fpm. Diameter of 
the hoisting rope is 2% in. Ore and waste rock will 
be hoisted in balance with 305-cu ft bottom dump 
skips. 

The man and material hoist at A shaft has double 
cylinder drums of 10-ft diam and is powered by a 
1000-hp de motor. Hoisting speed is 1450 fpm. The 
B shaft hoist has double cylindrical drums of 12-ft 
diam and is powered by an 800-hp ac motor pro- 
viding a rope speed of 1500 fpm. 
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Both cage hoists will be operated in balance—one 
drum for counterweight rope and the other for cage 
rope. Rope diameter on both man and material 
hoists is 1% in. The man and material single deck 
cage interiors are 15 ft long by 6 ft 4 in. wide. Each 
cage is equipped with landing chairs and four sets 
of spring-actuated, chisel-type safety dogs to engage 
in the wooden shaft guides. 

Communication: Cages in A and B shafts are 
equipped with a two-way voice communication 
system between the cage tender and the hoistman. 
Collar and level landings have speakers but no 
microphones, so that parties on the level landing 
can hear the conversation but cannot cut in. Since 
it is proposed to operate both the cage hoist and ore 
hoist in A shaft with one hoistman, a speaker and 
microphone for the A shaft cage voice system will 
be common to both hoistman’s cabs. A manual 
signal system will be located at all level landings 
and at the collars of each shaft. 

Skiptenders have a sound-powered telephone con- 
nection with the two hoist cabs for A shaft. There 
is also a two-man voice communication system be- 
tween the skiptenders and the car dump operator 
on the levels. 

A 30-pair telephone cable extends down B shaft, 
and dial telephones will be installed at all level 
landings, pump rooms, and other important loca- 
tions underground. In other words, underground 
and surface facilities are all on the same telephone 
system, with a switchboard and operator located in 
the main office. 


Ore Pockets: Four ore pockets have been con- 
structed, one at each of the first four levels in A 
shaft. Each pocket consists of a dumping bridge, 
flap gate, and two 20-ton loading pockets with 
guillotine gates. The car dump operator will work 
at a console from which he can operate the controls 
for this equipment. He will also remotely control a 
trolley locomotive and the necessary track switches 
to place cars in the dumping position. With a 20- 
ton capacity car in place, the operator trips the 
bridge latch to drop the hinged bridge, allowing the 
contents of the car to run into one of the two load- 
ing pockets. 

The complete operation of hoisting and dumping 
is automatically interlocked. Guillotine gates at the 


Interior of the hoist and 
air compressor building, 
Grace mine. The two A 
shaft mine hoists are 
shown in background, 
the air compressor in 
foreground. 


View of plant shows A shaft bolted steel headframe, which stands 180 ft high. 


loading pockets cannot be opened until the skip is 
in the proper position. The hoist cannot be actuated 
and the skip put in motion until the pocket is empty 
and the gate completely closed. The flap gate be- 
tween the loading pockets will not release the 
dumping bridge latch until it has automatically 
exposed the empty bin, eliminating any chance of 
dumping two carloads in the same bin. 

The dump operator controls the headframe flap 
gate, which directs the material either to the rock 
or ore bins. 


Initial Underground Development: Initial develop- 
ment has just been started and is confined primarily 
to one major job on each of the first four levels. 
The first level development consists of driving and 
concreting 6000 ft of 11x12-ft main haulage drift. 
Drifting is performed by four men using a four- 
machine drill jumbo, mounted with 3-in. drifters on 
4-ft shells, and a pneumatic shovel equipped with 
a conveyor for mucking into the 293-cu ft bottom 
dump mine cars. Concreting will follow the driv- 
ing operation, using collapsible, arched steel forms 
from which the transfer carriage can be removed 
during the concreting operation, thereby allowing 
miners to tram rock through the forms to the pocket. 
Concrete will be mixed on surface and transferred 
underground in %4-cu yd hoppers to the pneumatic 
placer located near the forms. 

Initial development on the second level consists 
of mining and constructing a small power station. 
When this station is completed the main haulage 
will be advanced toward the orebody. A rectifier 
room must be constructed about 2400 ft from the 
shaft on this level. Mining crews on the second level 
will drill from a carriage built to accommodate four 
men using jack legs. The concreting operation will 
be the same as on the first level. 

Initial development on the third level, A shaft, 
consists of mining and concreting two main sumps 
for mine water. These sumps will be 10x13-ft arched 
roof drifts. Total sump capacity will be 369,000 gal 
of water and 10,900 cu ft of silt. The sumps will 
be below the third level floor elevation. 

Initial development on the fourth level, A shaft, 
will consist of mining and constructing the main 
pump room (adjacent to A shaft between third and 
fourth levels) and installing two centrifugal pumps 
of 2000-gpm capacity capable of pumping 2100 ft to 
the surface. 


Mining Method: The mining method will be panel 
caving, a modification of block caving, in combina- 
tion with cutoff shrinkage stopes and open stopes 
to remove the ore on the fringe area, which does 
not have the desired thickness for caving. Panel 
caving at the Grace mine will vary somewhat from 
the method employed at Cornwall in that the cav- 
ing action will be started at the center of the panel 
and advanced toward the extremities rather than 
from one extremity. Reasons for this method are: 
1) preliminary development can be advanced more 
rapidly; 2) full-scale production will be reached at 
an earlier date; and 3) boundary scraping stopes 
may be worked in conjunction with the caving, 
without the necessity of a protective pillar. 

A system of transfer and slushing drifts along 
with the necessary systems of transfer raises, finger 
raises, and bells will have to be developed to under- 
cut the ore properly and start the caving. The drift 
sections will approximate 8x9 ft and will be driven 
in the footwall parallel to the strike. To support 
the ground in these transfer and slushing drifts it 
is expected that use will be made of the Bethlehem 
yieldable steel arch. 

Tramming: To maintain a uniform production of 
9600 net tons of ore per 24-hr day, development 
will have to be well advanced on the first, second, 
and third levels. It is proposed to use a combination 
of three gathering locomotives and one main line 
locomotive on each level. The 10-ton combination 
battery and trolley gathering locomotives will pull 
three loaded 20-ton bottom dump cars from the 
loading stations to the gathering point and return 
with three empty cars. One main line 12-ton trolley 
locomotive will pick up six or more loaded cars at 
the gathering point and pull them 3000 ft to the 
level plat, where they will be placed on storage 
tracks. The motorman will then pick up six or more 
empty cars and return to the gathering point. 

Blocks of lights and air operated switches will be 
installed to insure smooth and safe operation of the 
trains. Warning signals will be installed along the 
drift to signify movement of the trains. 

All locomotives are to be equipped with trolley 
phones and dead-man controls. 

Flowsheet of Primary and Secondary Crushing: 
Ore will be brought from underground at approxi- 
mately 40 skips or 800 tph and discharged from the 
20-ton bottom dump skips into a 700-ton live storage 
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bin located in the headframe structure. A roll feeder 
will feed the ore into a 42-in. gyratory crusher. The 
—5-in. crusher discharge will fall on a 48-in. con- 
veyor belt traveling at 500 fpm and will be con- 
veyed over a head pulley, in the secondary crusher 
plant, at which point a splitter deflects half the ore 
to each of two identical and parallel screening, cob- 
bing, and crushing circuits. 

In the secondary plant the ore will discharge onto 
two parallel 5x14-ft double deck vibrating screens. 
The top deck screens will have 2-in. openings and 
the bottom deck %4x6-in. openings. The —%4-in. ore 
passing through the screen will be conveyed to the 
mill ore bins or to the ore storage area. The + %4-in. 
ore will pass over two 42-in. diam by 50-in. mag- 
netic cobbers, the reject going to a waste rock bin 
and the cobbed ore going to two 7-ft cone crushers 
set % in. on the closed side. The crusher discharge 
will be conveyed to two 6x14-ft double deck vibrat- 
ing screens with a 1%x6-in. top deck and a %4x6-in. 
bottom deck. The —%-in. product will join the 
—%4-in. ore from the first screen on a common belt 
and go either to the mill ore bins or to the storage 
area. The +%4-in. screen oversize ore will pass over 
two 30-in. diam by 48-in. magnetic cobbers, the 
reject going to the rock bin and the concentrated 
ore going back through the cone crushers. Feed 
capacity of the crushing plant is 800 tph. 

Ore Storage Area: Development ore that is pro- 
duced prior to mill completion and excess crushed 
ore produced during operation of the mill will be 
conveyed to an ore storage area, where it will be 
discharged from a stacker to two parallel piles each 
having a capacity of 150,000 tons. To reclaim the 
ore for the mill, the stocking belt will be run in 
reverse and the ore loaded onto the belt with a 
power shovel. 

Milling: Ore from the crushing plant will be con- 
veyed to four 800-ton mill feed bins. Twin table 
feeders will feed the ore from the bins via belts 
onto four 4x12-ft wet vibrating screens. The + %4-in. 
ore will pass over four 30-in. diam by 60-in. mag- 
netic cobbers, the reject going to a fine rock bin 
and the concentrated ore going to four 9x13-ft rod 
mills. The —%4-in. ore passing through the screens 
goes to four 3x21-ft screw classifiers, the sands 
meeting the + %4-in. ore on common belts and going 
to the rod mills, while the classifier overflow joins 
the ball mill discharge and is pumped to eight 24-in. 
cyclones in closed circuit with the four 114%x14-ft 
ball mills. The rod mill discharge passes by gravity 
directly to the ball mills. The —100 mesh overflow 
from the eight cyclones passes to 32 three-drum 
magnetic separators, the 65 pct iron concentrate 
going to the agglomeration plant. The magnet tail- 
ing goes to sixteen 12-in. cyclones in the pyrite 
flotation plant. 

Pyrite Flotation: Underflow from the 12-in. cy- 
clones passes to conditioners and then to flotation 
cells consisting of roughers, cleaners, and recleaners. 
The pyrite flotation concentrate will be thickened 
in a 30-ft thickener from which the underflow is 
pumped to two 6-ft disk filters. The filtered pyrite 
concentrate will be shipped to a sulfuric acid plant 
at Sparrows Point, Md. 

Tailings: The overflow or fines from the 12-in. 
cyclones and the pyrite flotation tailings join in a 
common launder and flow to two 200-ft diam tail- 
ings thickeners. Underflow from the tailings thick- 
eners flows by gravity to two centrifugal pumps in 
series which deliver the 30 pct solids slurry to the 
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tailings dam at 1600 gpm. Pumping distance will 
be approximately two miles. The tailings will be 
impounded behind an earth fill dam 125 ft high, 
which will be constructed between two ridges to 
form a 325-acre disposal area. It is not the present 
intention to re-use the clarified water. 


Agglomeration: The 65 pct iron concentrate will 
be pumped from the mill to a thickener located in 
the agglomeration plant. A small amount of culm 
coal will be added at this point to assist in heating 
the pellets. The thickened concentrate will be 
filtered, and to improve the balling quality a small 
percentage of bentonite will be added before the 
concentrate is mechanically rolled into balls averag- 
ing % to % in. diam. 

The green pellets will be fed into an oil-fired 
vertical shaft furnace by means of an oscillating 
belt conveyor. In passing down through the fur- 
nace the balls will be heated at a temperature that 
will produce baked pellets hard enough to with- 
stand breakage during shipment and handling. In 
the operation much of the heat required is provided 
by the exothermic transformation of magnetite to 
hematite. 

Discharged pellets will be screened and conveyed 
to railroad cars at a rate of 5760 tons for shipment 
by rail to Bethlehem, Pa., or to other Bethlehem 
Steel Co. plants. 


Water Supply: To obtain a suitable water supply 
it was necessary to construct two dams, one earth- 
fill and the other concrete, to impound the water 
from two independent watersheds. A pump house 
located between the two dams contains two separate 
pumping systems. One system pumps water from 
the fresh water dam to the water treatment plant 
for potable water. This plant, capable of treating 
200 gal of raw water per min, has been constructed 
and is now in service. At the present time the plant 
is operated on one shift and is treating about 75,000 
gal per day. A 150,000-gal standpipe is in the 
potable water system to maintain hydraulic head. 
Underground operations, as well as surface facilities, 
will draw their potable water from this supply. 

The second system will pump make-up water 
from the mill pond to the mill. Mine water, pumped 
from underground, will be discharged into the tail- 
ings thickener tanks, the circulating mill water 
sump, or the mill pond, as required. 

Railroad Facilities: To accommodate the shipping 
of the finished pellets, a spur three-fourths of a 
mile long was built from the main line into the 
plant. Yard tracks on the plant site amount to ap- 
proximately five miles in length. 

Welfare Facilities: Full production will require 
the employment of about 900 employes, 600 in the 
mine and 300 in milling and related services. Sur- 
face welfare facilities, including general offices, dry 
houses, and dispensary, have been designed to ac- 
commodate 1200 employes. A modern sewage dis- 
posal plant has been built and placed in service. All 
sewage, including shower water, will be treated 
before being released into the stream below the 
mill water pond. 

A few new homes are being provided, along with 
some renovated former farm houses, but it is be- 
lieved that most employes will be obtained from 
surrounding populated areas and will wish to com- 
mute to and from the job. Extensive parking areas 
have been provided to accommodate the necessary 
cars. 
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Sand Filling 


at the 


Galena Mine 


by Norman Visnes 


ARLY in 1954, as initial development of the 

Galena mine was being finished, plans for stop- 
ing operations became the foremost consideration of 
the operating management. The Galena is being 
operated under lease agreement with the owner, 
Vulcan Silver-Lead Corp. 

Started in 1947, the Galena is a deep level devel- 
opment of American Smelting & Refining Co. and 
Day Mines Inc. under the management of ASARCO, 
in the Coeur d’Alene mining district. Lead mineral- 
ization was found on the 3000 level in 1950. In 1953 
development on the 3000 level disclosed a siderite 
vein, later known as the Silver vein, which contains 
commercial quantities of silver in Tetrahedrite. This 
vein was explored on the 2800 and 2400 levels and 
later on the 3400 level, the lowest in the mine. 
Work above the 2400 level to date has indicated 
that the vein dissipates to weak mineralization, and 
ore values are uncertain above the 2200 horizon. 

There are two separate vein systems at the Galena. 
The lead vein system, which was encountered first, 
has been partially developed, and future planning 
calls for more complete development for the pur- 
pose of exploitation. This system is composed of a 
zone in which the values are scattered throughout, 
and an adjoining zone in which values are con- 
solidated into separate veins that become selectively 
commerical. Ore reserves will be proven by further 
development. 

The Silver vein is a fissure vein continuously 
commercial over its exposed length and over the 
length of an upper displaced extension known as 
the West Silver vein. Both trend generally east- 
west and dip to the south. The west end of the West 
Silver vein splits and turns to the south and re- 
verses dip. The veins have good walls and gener- 
ally stand well, but do require considerable barring 
and rock bolting to limit localized sloughing. Their 
average width of 7 ft and good walls make them 


TOP: Cyclone on top of sand tank showing agitator drive for 4 
No. 2 tank in background. BOTTOM: Sand plant showing its N. VISNES is Superintendent, Galena Unit, American Smelting 


location adjacent to main shaft headframe. & Refining Co. 
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ideal veins for cut and fill stoping. Because much of 
the development work at the Galena mine was done 
prior to the start of stoping operations, the quantity 
of waste fill fom mine development will be inade- 
quate and sand fill is a logical answer. 

Experience to date has shown that in parts of the 
mine rock bursting and other expressions of local 
relief of rock pressures can be expected. Some of 
the development headings have shown local expres- 
sions of ground pressure when they were first 
opened up, and in the stopes, strong local bursting 
has occurred where there have been small pillars 
or where small blocks of ore have been standing for 
some time. 


Stope Development 
Stope preparation on the Silver vein is done from 


raises above a 30-ft sill pillar. Raise spacing in 
stope development has varied from 70-ft to 100-ft 
centers, governing factors being the physical char- 
acteristics of the vein and experiments to determine 
which stope length will ultimately be the best. 
Future planning may indicate that level develop- 
ment will consist of driving one primary raise and 
carrying other raises with the stopes. Development 
raises have either one or two timbered compart- 
ments with adjoining joker chutes on each end. 
Stoping is now being carried from two levels, the 
2400 and 2800. The first cut and all later cuts are 
8 and 10 ft high over the full width of the vein and 
extend from raise to raise or from the raise to the 
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TOP LEFT: Agitator 
drive with control mech- 
anism. TOP RIGHT: 
Sand being poured be- 
yond top of chute. 
LEFT: Operator while 
removing section of sand 
fill pipe kneels on sand 
pour, made about 10 hr 
previously. Tracks on 
top of sand indicate 
shallow depth of slime. 


ore limits. When a cut is finished, crib chutes are 
raised where the original joker chutes of the raises 
were located. The crib chutes are gradually moved 
from the raise timber by offsetting rings of cribbing 
until the crib is about 5 ft from the raise timber and 
is completely surrounded by sand. This practice 
simplifies sealing the chute and manway with bur- 
lap in preparation for sand filling. Stopes above the 
2400 level have no access to the main Galena shaft, 
but an auxiliary shaft is now being opened that 
will make it possible to fill these stopes from above. 
How much ore exists above the 2200 level is still to 
be determined by later development. 

With the exception of one narrow stope, all stop- 
ing in the mine is now being done with jackleg 
machines breasting down. Recent experimenting in 
the stopes has shown that rounds 9 to 13 ft long can 
be effectively blasted with excellent fragmentation 
by using suitable hole spacing and millisecond delay 
electric blasting caps. Stoping was started using 
7%-hp slushers and scrapers 34 in. wide, but the 
longer rounds and contract stoping make it desir- 
able to use larger equipment, and a 30-hp electric 
slusher is now being operated on a trial basis to see 
what the overall effect will be on stope production. 

The Galena sand plant was designed after much 
investigation of sand practice at other mines using 
sand fill. Tests indicated that the mill tailing had 
many ideal characteristics for filling, but its high 
specific gravity may create problems not encoun- 


tered in other mines. Mill tailing runs about 60 
pet + 325 mesh, but the slime fraction may be 
eliminated in a cyclone without difficulty. 

Mill tailings are pumped from the mill by two 
3-in. sand pumps in series through a 4-in. line, 
partly steel pipe and partly wood stave pipe. The 
tailing is pumped for a horizontal distance of about 
850 ft and vertically about 90 ft into a small surge 
tank. The surge tank feeds another 3-in. sand pump 
operating against a 24-ft head and supplying an 
operating pressure of 9% psi for a 10-in. diam 
cyclone. Sand from the cyclone underflow is col- 
lected in a wood stave agitating tank, 14 ft 
diam x 18 ft high, which stores the fill until a pour 
is made. An identical tank is being provided to 
store the sand product when there are delays caused 
by inability to pour the fill in the mine. 

Agitation is provided by both compressed air and 
by a 4-ft propeller-type agitator driven at 110 rpm 
by a 30-hp reversible motor. The compressed air 
agitation is provided by eight peripheral nozzles 
and five bottom nozzles. As the sand is accumulated 
in the tank, air at low pressure is supplied to the 
nozzles to provide light agitation until prepara- 
tions start for a pour. At this time, compressed air 
at 100 psi is introduced into all nozzles and allowed 
to agitate up to half an hour before the agitator is 
started. In extreme cases blowpipes operated by 
hand are used to free the heavy sands accumulating 
around the propeller. The low pressure air is pro- 
vided by a small compressor in the sand house, and 
the mine compressor provides the high pressure air. 

The sand product consists mostly of siderite and 
is relatively coarse, very heavy (specific gravity of 
dry solids is about 3.4) and tends to work back into 
the air nozzles and plug them up. It also sets up in 
the bottom of the tank in a compact, tight mass that 
is difficult to keep in suspension until the propeller 
is in motion. Mechanical agitation is carried on for 
at least a half hour before the sand is poured. 

From the sand plant to the stope, the mixed sand 
is poured through a 3-in. diam pipeline without 
valves or side openings in the line. Flow of sand is 
changed from one stope to another by breaking 
connections and swinging the sand feedline to the 
line of the stope requiring fill. Victaulic couplings 
are used throughout. On long turns the pipe is bent 
in sweeps with a hydraulic conduit bender. The 
sand falls in an initial drop of 2400 ft. At 1080 ft 
the shaft section is changed from four compart- 
ments long to four compartments square. At this 
point the sand line is diverted through the change- 
over by a combination of three pipe sweeps. These 
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Flow sheet used at the Galena sand plant. 


sweeps, the point of maximum wear in the sand 
line, will be replaced by high pressure reinforced 
rubber hose fitted with flange couplings. The take- 
off from the shaft to the level is also through a 
series of sweeps that will be replaced by rubber 
hose. The coarse sand in the pulp and the high 
velocity of pulp contribute to the wear problem at 
these points. From the shaft to the stopes, the sand 
is distributed through standard pipe and victaulic 
fittings. 


For a typical fill, tailings at about 20 pct solids 
are pumped to the sand house at 275 gpm. Operating 
continuously, the sand plant will make sand at the 
rate of 10.5 tph or with 75 pct solids at the rate of 
140 cu ft per hr. Sand pours are made at 10:00 p.m. 
and 10:00 a.m. so that the average pour occupies 
about 11% ft in the sand tank, equal to about 125 
dry tons of sand. Agitation with high pressure air is 
started at 8:30 a.m. and the agitator is started at 
9:30. The pour starts at 10:00 and is finished at 
10:30. When necessary this fill can be blasted on 
by 3:00 on the same afternoon. 


Once the pulp is mixed the sand plant man con- 
tacts the stope on the phone and then tests the line 
by introducing a light charge of water followed by 
compressed air until the water reaches the stope. 
If the system is clear, a strong charge of water is 
introduced, followed immediately by the pulp. The 
suction of this water charge in the sand line keeps 
the sand moving until full flow reaches the stope. 
Depending on the density of the sand, 1850 cu ft of 
pulp is poured in 25 to 55 min. Most pours are 
started at 74 pct solids and the overflow from the 
cyclone is added as the pour progresses, so that 
toward the end of the pour the density is reduced to 
approximately 65 pct solids. The decrease in den- 
sity has the effect of speeding up the flow and low- 
ering the hydraulic head in the line when flush 
water is introduced at the end of the pour. Prior 
to the start of this practice, there was considerable 
trouble with splitting pipe along the seams in the 
shaft due to an excessive hydraulic head. The short 
duration of a pour permits the man in the stope to 
check a pour as it progresses and to stop any leaks 
or loss of sand as it is found. One team of men pre- 
pares stopes for fill and checks burlap seals around 
stope manways. Except for work by this crew, all 
stope preparation is done by the miners in the stope. 
This requires training, as sand fill is new to the 
majority of men in the Coeur d’Alene mining dis- 
trict. 

Fills made down through raises to stoping areas 
present few probelms. Pours into the stopes above 
the 2400 level are made against a vertical rise of 
sand and are presenting problems that will increase 
as the stopes advance. Sand, at 70 pct solids, has a 
density twice that of water, so that each foot of rise 
above the sill results in approximately 0.95 psi 
additional pressure in the line on the 2400 level. To 
keep the sand moving until the pour is finished, 
when the line is going to be flushed by air and water 
at the end of a pour, twice as much head is required 
in the main shaft as the vertical distance of the 
stope to be filled above the haulage level. By adding 
overflow discharge to the sand as the pour pro- 
gresses, the reduction of density increases the velo- 
city of the pulp and makes the sand line easier to 
flush and clear. 

Once the sand is in the stope, it settles and drains 
rapidly. The greater part of the water decants off 
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Table |. Screen Analyses of Pulps and Tailings 


Sand Plant Products 


Cyclone Cyclone 
Percent of Percentof Delivered 
Galena Tailings Overfiow, Underfiow, 
—_————_———_. 11 Pet 74 Pet 


Mesh Pet Solids Solids Solids 


+40 1 
+100 25. 
+ 150 17 
+ 200 6 
+ 325 4 
325 40 


the top, since the sand is heavy and settles fast. 
As the stopes progress higher and have more sand 
fill below, it is expected that more and more water 
will drain and percolate through the fill. The pres- 
ent pulp, a small percentage of which is slime, does 
not retain much water. Usually a 4 to 8-in. film of 
slime may be observed near the ends of the stopes 
where decantation takes place. 

The sand levels well in the stopes and consolidates 
very well making a good slushing floor. In breast 
stopes the sand is poured to within 4 ft of the back, 
allowing only enough room for the expansion of 
muck. As breasting proceeds along a stope, only 
enough ore is slushed out to expose a full face for 
drilling. The stope is never slushed to the sand 
until the final clean out, at which time all the ore 
is slushed and 8 in. to 1 ft of sand taken off to make 
sure that all high grade ore fines are cleaned out. 
Assays of stope sands after the cycle is complete 
indicate that fines penetrate as deep as 8 in. into 
the sand. 

After a stope is slushed out, preparation for fill 
is begun. The manway is lagged tightly and a layer 
of burlap, 30-oz weight, secured in place by a 
stapling hammer. The 58-in. burlap is bought in bales 
of 2000 yd and is very convenient to handle. Origi- 
nally baled burlap sacks were used then as the filter 
medium, but these had to be ripped open and ap- 
plied to a gob wall individually. It has been found 
that the bale burlap goes in place faster, and despite 
a cost difference of 12%¢ per yd for burlap vs 6%¢ 
per bag, the saving in labor cost more than offsets 
the difference in the cost of the burlap. 

Cribbing is raised in horizontal rings, skin to skin, 
and is then shrouded with burlap on all four sides. 
The sand completely surrounds and supports the 
cribbing. Crib timbers are 5x6-in. fir and larch 
without end framing and the ends are successively 
butted in rings and spiked with 80 penny spikes. 
As the chute offsets into the footwall, each ring is 
offset up to a maximum of 1% in. per ring, leaving 
a stair step effect. 

Contact areas between the stope walls and the 
chute lining require close fitting for effective seals. 
The burlap is brought around for a distance of 
about 18 in. along the rock wall and is suspended 
loosely. When sand is poured, the burlap is pressed 
against the wall and the weight of the sand holds 
it in place. Few troubles are encountered with loss 
of sand at these points, but if it starts, a mixture 
of sacked saw dust and planer chips is dumped into 
the fill in the area where the leakage occurs, plug- 
ging the smaller openings and in almost all cases 
stopping sand losses immediately. In case of large 
losses, the man in the stope calls to shut off the sand 
and closes up the hole before pouring is resumed. 
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This often results in considerable loss of sand due 
to the volume of sand in some 4500 ft of sand line 
between the sand plant and the average stope. 

Experiments have been carried on continuously 
with the size of the cyclone orifice. Sand is now be- 
ing made with an orifice of 1 13/16-in. diam and the 
sand output has been brought up to about 150 cu ft 
of pulp per hr. Experimental cones have been tried 
on the overflow product of the first cyclone to effect 
a more complete recovery of usable sands. Variable 
speed drives have been installed on the sand pumps 
to adjust the pump capacity to the mill output for 
continuous operation of the cyclone. 

The ideal nozzle has not yet been found for the 
bottom air jets in the sand tank. Even during periods 
of continuous agitation with high pressure air, some 
of the nozzles are plugged up by sand and eventu- 
ally it is found that most of the air is going to three 
or four jets. It is then necessary to open the pipe- 
lines and blow out the sand and to dig the accumu- 
lated sand in the bottom of the tank to clear the 
nozzles by removing and flushing them. To date, the 
most successful nozzle has been a section of %4-in. 
air hose, plugged on the end and slit on the sides 
to open air passages. In some of these, a section of 
4-in. pipe drilled through the sides is being used, 
but with the holes in the pipe located adjacent to 
the holes in the hose rather than opposite them. 

On a monthly operation basis, about 52 pct of the 
mill tailing is being saved. This compares with a 
plant recovery of approximately 62 pct, the differ- 
ence being due to losses occurring when places are 
not ready for fill or when it becomes necessary to 
work on the sand plant or sand lines. 


Table !1. Cost of Operation at the Galena Mine, March through 
May, 1956 


Per Ton 
of Sand 
Fil, $ 


Per Ton 
of Ore 
Mined, $ 


Labor, Supplies, and Power Cost, $ 


Labor 
Sand plant 
Operators 
Mechanics and electricians 128 
Stopers (preparation and pour) 2349 
Mechanical (lines, etc.) 643 
Electrical 
Communication 
Maintenance 
Total labor 
Supplies 
Compressed air 
Power 
Miscellaneous 
Grand total and averages 


eesssess 
eeesssss soso 


During this period, 23,491 tons of ore were mined 
and 12,040 tons of sand poured. Analysis of these 
figures gives a cost of $0.32 per ton of ore mined 
and $0.63 per ton of sand poured. On this basis 
about 67.5 tons per manshift are being produced 
chargeable to fill. 

The many advantages of sand fill are becoming 
apparent. The mining method used at Galena would 
necessitate carrying much larger minimum stoping 
voids if mine waste rock were being used for fill. 
The result is that stopes are safer. Extraction is 
much more complete because the Galena mining 
method allows the flexibility of following all the 
irregularities of the offshoots of the vein as they are 
found. Stopes can be filled rapidly with a minimum 
of delay between ore breaking cycles, so that fewer 
operating stopes are necessary. 


4 +60 0.0 3.0 
0 +100 2.0 46.5 
6 +150 1.0 17.5 
2 +200 5.0 16.5 
4 +325 3.5 5.5 
4 — 325 88.5 11.0 
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Development and Operation at Marmora 


by H. O. Olsen 


Marmora mine and mill. nt pit shown at left, mill at right, and crushing and hoisting pe! at center. 


ARMORA mine is located a mile southeast of 

Marmora village in Hastings County, Ontario, 
130 miles from Toronto and 150 miles from Ottawa. 
Highway No. 7 passes half a mile north of the mine 
and Highway No. 14 half a mile west. The Canadian 
National Ry. branch line between Trenton and Ban- 
croft passes through the property just east of the 
open pit. 

The iron orebody at Marmora is the result of a 
replacement of Pre-Cambrian limestone with zones 
or bands of magnetite interlaid with metamorphic 
rocks and cut by later intrusives. The ore and asso- 
ciated Pre-Cambrian rocks are overlain by 100 to 
150 ft of flat-lying paleozoic limestone. It is a low 
grade magnetite deposit that requires concentration 
before it can be used economically for production of 
iron and steel. 

During 1948 and 1949 the Ontario Department of 
Mines conducted an airborne magnetic survey of the 
district, releasing maps to the public early in 1950. 
Bethlehem representatives carried out ground sur- 
veys in the Marmora area shortly thereafter and in 
June 1950 commenced diamond drilling. This work 
continued until August 1951, during which time 
holes aggregating 37,000 ft were drilled to outline 
the orebody. 


H. O. OLSEN is General Superintendent, Marmoraton Mining Co., 
Ont., Canada. 


After careful geological and engineering studies, 
it was decided to develop the property as an open 
pit. During the fall of 1951 and spring of 1952 an 
operating organization was formed. Enough equip- 
ment was purchased to remove 20 million tons of 
limestone capping at an estimated rate of 700,000 
tons per month. 

Mine Development: The limestone was drilled 
with two electrically powered rotary drills and 
63%4-in. tri-cone bits. A 25 x 25-ft blasthole spacing 
was used and the face varied in height from 45 to 
83 ft. An average drilling rate of 20 to 25 ft per hr 
was maintained 24 hr per day and five days per 
week. Bit life averaged 1300 ft per bit. Four wagon 
drills and four jackhammers were used for a small 
amount of secondary drilling required on large 
boulders and for scaling the faces. 

For primary blasting 5 x 16-in. cartridges of 50, 
60, and 70 pct dynamite were used which resulted 
in a powder factor of 4.5 tons of limestone per Ib 
of powder. Standard blasting practice was single 
row shooting with primacord in the holes as primer 
and electric millisecond delay caps from 0 to 8 as 
detonators. Fragmentation resulting from this type 
of blasting allowed nearly 100 pct of the material to 
pass through the 6-yd shovel buckets. The blasted 
rock was loaded into 22-ton trucks with three elec- 
tric shovels equipped with 6-yd buckets. 

Rock was hauled from the pit to the dumps by 21 
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diesel trucks of 22-ton capacity, equipped with 300- 
hp engines, torque converters, semi-automatic 
transmission, heated dump boxes, thermostatically 
controlled radiator shutters, heaters and defrosters 
for cabs, and rock ejectors for rear wheels. Fifteen 
trucks were operated each shift, which left six 
trucks as spares for servicing. 

Roadways 100 ft wide at grades not exceeding 5 
pet served as haulage ways during stripping. The 
100-ft width permitted bulldozers to travel along 
the edges, two trucks to pass, and a road grader to 
operate safely at all times. Spillage was easily 
avoided by trucks, although one man on foot pa- 
trolled the roads at all times to remove it. Dump 
areas, as well as roads, were surfaced with crushed 
stone obtained from a 22 x 36-in. portable jaw 
«rusher. 

The initial pit development program begun in June 
1952 was completed in March 1955 when the lime- 
stone capping was removed. An ore face was then 
opened for mining. 

Plant Construction: Milling, concentrating, and 
agglomerating were required before a marketable 
product could be obtained, since the orebody at 
Marmora is low grade. During the summer of 1953 
a contractor was engaged to construct 1) a skip- 
way and hoist to remove ore from the mine, 2) a 
primary and secondary crushing plant, 3) a mill 
building for grinding and magnetic concentration, 
and 4) a pellet plant for agglomerating the fine iron 
concentrates. The work of plant construction was 
completed to permit operations to begin in April 
1955. During the same period storage and dock 
facilities were constructed at Picton to allow for 
shipment of Marmora pellets by boat. 

Ore Mining: Mining plans outlined 17% million 
tons of magnetite ore averaging 37% pct iron to be 
mined by open pit methods. This entails mining 500 
ft below the surface elevation and will require the 
removal of 14 million tons of waste rock along with 
the crude ore. 
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Three percussion drills fitted with 6-in. tungsten 
carbide bits work a 45-ft face. Average drilling 
rates are 6 to 8 ft per hr with a bit life of approxi- 
mately 500 ft. A spacing and burden of 14 to 16 ft 
with 5 ft of subdrilling is required for fragmenta- 
tion. 

A recently acquired down-the-hole drill, now un- 
der test, is proving to have certain advantages. Most 
noteworthy of these advantages is the elimination 
of the conventional drill steel string. Maintenance 
of the drilling equipment is reduced. The 7-in. bit 
permits greater hole spacing, but much is still to be 
learned about fragmentation and bit life. 

For primary blasting 5 x 24-in. cartridges of 
canned powder are used in single and double row 
shooting. Primacord is used down the holes as 
primer, and millisecond delays on the surface as 
detonators. Some secondary drilling and blasting is 
required, but more recently a 5-ton drop ball has 
been used on a crawler crane with good results. 

Ore and waste rock are loaded with 4%-yd 
buckets on electric shovels into 22-ton capacity 
trucks. The rock is trucked from the pit to disposal 
areas and the ore is taken to a pit pocket and 
dumped into 22-ton capacity skips. 

A double drum hoist driven by a 1250-hp electric 
motor transfers ore from the pit up a 45° incline 
skipway to the primary crusher. The hoist operator 
is located at the top of the skipway where he can 
observe the loading of the skips at the bottom of the 
incline and the dumping of the skips into the pri- 
mary crusher. Two ropes are attached to each skip, 
using an equalizer bar, to permit the use of 12-ft 
diam drums instead of one rope and a larger drum. 
This feature provided a practical solution to the 
provision in the Ontario Mining Law which requires 
a drum-to-rope diameter factor of 80:1. 

Crushing: The primary crusher is a 48-in. gyra- 
tory that reduces the ore to —5 in. All crushed ore 
passes over a conveyor belt scale to a coarse ore 
stockpile. Under the coarse ore stockpile, ore is 


A double drum hoist 
driven by a 1250-hp 
electric motor transfers 
ore from the pit up a 
45° incline skipway to 
the primary crusher. 
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MARMORA OPEN PIT 


drawn off by vibrating feeders and sent over a con- 
veyor belt scale to the secondary crushing plant. In 
the secondary crushing plant the ore is screened on 
a triple deck screen with square openings of 3%, 
1%, and % in. Each of the top two sizes is sent over 
magnetic cobbing pulleys, where the nonmagnetic 
material is rejected as waste rock and the magnetic 
ore is retained for further crushing, except the 
—%-in. material, which is conveyed directly to the 
mill ore storage bins. All +%-in. ore is sent to a 
5-ft 6 in. gyratory secondary crusher and is reduced 
to —2% in. This material is sent to a double deck 
screen with openings 1% and % in. square. The 
—5g-in. material is conveyed directly to the ore 
storage bins and the +5%-in. and 1%4-in. material 
is again sent over magnetic cobbing pulleys. The 
rock is rejected and the ore sent to a hydrocone 
crusher where 90 to 95 pct of the material is re- 
duced to —%4-in. The product joins the —%-in. and 
—5g-in. fines from the triple and double deck 
screens and is conveyed to two concrete 750-ton 
capacity ore storage silos. 

Milling and Concentrating: The crushed ore is 
fed by vibrating feeders and 18-in. belts to two 8 x 
12-ft rod mills for primary grinding and then to two 
11% x 10-ft ball mills in closed circuit with a cy- 
clone classifier. The coarse cyclone underflow passes 
through a high intensity magnetic drum separator 
that rejects the nonmagnetic material as a tailing 
and returns the coarse magnetic material to the ball 
mill for regrinding. The fine cyclone overflow, 
maintained at 60 pct —325 mesh, moves by gravity 
to three-drum magnetic separators that produce an 
iron concentrate of 65 pct. The tailing from the 
magnetic separators is thickened and pumped ap- 
proximately 2000 ft for disposal. All reclaimed water 
is re-used in the milling circuit. 


Pelletizing: The 65 pct iron concentrate is 
pumped to the pellet plant, where it is thickened, 
mixed with a small percentage of fine anthracite 
coal, and pumped to disk filters. After the addition 
of a small percentage of bentonite, the filtered con- 
centrate is balled into % to 1-in. balls in balling 
drums. The balled material is fused in oil-fired 
pellet furnaces at 2400°F. Air cooling of the pellets 
before they are discharged from the furnace pre- 
heats air required for furnace operation and permits 
pellets to be conveyed on a rubber conveyor belt 
to railroad cars. 

Ore Dock: Pellets are shipped 64 miles by rail to 
port at Picton, Ont., where storage facilities are 
available to stock 250,000 net tons during winter 
months. The storage facilities consist of a pit 800 ft 
long, 70 ft wide, and 35 ft deep with the railroad 
supported by trestle along one edge. Pellets dumped 
from the cars are clammed from the pit and piled on 
the ground alongside the pit for winter storage, or 
they can be drawn from the pit through chutes to a 
conveyor under the pit which discharges onto a belt 
at right angles to the pit and then onto a shuttle car 
conveyor for loading of boats at the rate of 1800 tph. 

Personnel: Total employment for the present op- 
eration is 3 women and 300 men, two from the U. S. 
All personnel required were hired locally and 
trained for the various positions. More than 95 pct 
of the employes live within a 12-mile radius of the 
mine. The hourly-paid employes were organized by 
the United Steelworkers of America and at present 
are operating under the fourth contract. 

Local and provincial government agencies, as well 
as the people in the surrounding communities, have 
been very cooperative. As a result mine develop- 
ment was rapid and operations are proceeding sat- 
isfactorily. 
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RIEDENSVILLE orebody in Lehigh County, 
Pennsylvania, lies in the south central part of 
the USGS Allentown Quadrangle. Physiographically 
the area is located in a small reentrant—known as 
Saucon Valley—of the Great Valley Province into 
the Reading Prong of the New England uplift. Saucon 
Valley itself is an oval-shaped lowland eight miles 
long and four miles wide, surrounded by ridges ex- 
cept where connected with the Great Valley through 
a breach in the rim known as Saucon Gap. These 
ridges, composed of Pre-Cambrian metamorphic 
rocks and Cambrian quartzites, rise some 500 ft 
above the valley floor. They are continuous with the 
New Jersey Highlands. 

The valley lowland is immediately underlain by 
lower Paleozoic dolomites and limestones. This area 
is one of low relief having a swing of approximately 
100 ft, with an average elevation of 375 ft above sea 
level. The entire valley, which has a water shed of 
about 58 sq miles, is drained by Saucon Creek. This 
unit flows in a northeasterly direction to the Saucon 
Gap, where it discharges into the Lehigh River. 

The principal features of the topography are low 
rounded hills and numerous sinkholes. The presence 
of these sinkholes, of all ages; the fractured and 
weathered character of the upper 500 ft penetrated 
in the exploratory drilling; and the history of zinc, 
iron, and limestone mining all show that a con- 
siderable porosity has been developed over the eons, 
resulting in underground drainage that allows water 
to move almost uninhibited in any direction. This 
point will be discussed later. 

The valley has been eroded from Paleozoic lime- 
stones and shales that were mostly down-faulted 
and folded into the surrounding Pre-Cambrian 


M. S. CHILDS is Mine Engineer for The New Jersey Zinc Co. at 
Friedensville, Pa. 
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Geology and Development 
At Friedensville, Pa. 


by Mark S. Childs 


gneiss. It is the opinion of William H. Callahan, 
New Jersey Zinc’s manager of exploration, that 
Saucon Valley is almost entirely bounded by faults 
on which there has been a very substantial strati- 
graphic displacement. The effect of this faulting, 
regardless of the type that may be involved, is that 
Saucon Valley has the appearance of being a graben, 
that is, a structure wherein the younger beds floor- 
ing the valley have through tension and gravity 
sunk below the older rocks that now form the sur- 
rounding ridges. 

The regional dip of the Paleozoics off the Reading 
Prong is northwesterly, as shown by the exposure 
of successively younger beds in that direction. This 
dip is not uniform, but is interrupted by notable 
large-scale folds and faults in the Ridge and Valley 
belt and by small-scale folds, faults, and intense 
local contortion of incompetent beds in the Great 
Valley. The structure of this province and its rela- 
tion to the Reading Prong is therefore of great com- 
plexity. Friedensville is located in the boundary zone 
between the Pre-Cambrian and the lower Paleozoics. 


Stratigraphy 

According to the late B. L. Miller and his asso- 
ciates the regional stratigraphy from younger to 
older formations is as foliows: 

Pleistocene: Glacial, alluvial, colluvial, and resid- 
ual deposits. 

Triassic: Brunswick formation. Red or reddish 
brown sandstone and shale, locally black or pale 
green. In places there are extensive developments 
of coarse conglomerates, the pebbles or cobbles of 
which are generally white quartzite. Angular lime- 
stone pebbles occur locally. 

Ordovician: Martinsburg formation. Banded clay 
slate with sandy or thin sandstone beds and occa- 
sional limestone bed in the lower part. 
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Jacksonburg formation. Two facies, the upper 
designated cement rock and the lower cement lime- 
stone. “The cement rock is a black, fine textured, 
argillaceous limestone, superficially bearing a closer 
resemblance to slate than to limestone. ... The 
cement limestone facies is a fossiliferous high grade, 
nondolomitic limestone which varies in color from 
dark gray to black.” 

Beekmantown formation. “Alternating calcareous 
strata of varying composition and physical prop- 
erties. .. . Coarse dolomitic conglomerates occur in 
several places and also greatly brecciated layers, 
some of which are original structures and others 
secondary. True shales, without calcareous matter, 
are uncommon in the Beekmantown.... Siliceous 
beds in which there is a large percentage of quartz 
grains are rare.” 

Cambrian: Allentown formation. Interbedded dark 
and light gray magnesian limestones with locally 
sandy and oolitic beds. Cryptozoa are abundant and 
have been used in the area to differentiate between 
the Tomstown below and the Beekmantown above. 

Tomstown formation. Interbedded thin and thickly 
bedded dolomites with local shale members. Sandy 
zones are fairly common and oolites, edgewise con- 
glomerates, cross bedding, and ripple marks have 
been noted in many localities. 

Hardyston formation. “It contains conglomerates, 
sandstones, quartzites, jasper, chert, shales and 
locally a micaceous material that has been called 
pinite.” 

Pre-Cambrian: “The formations that make up the 
Pre-Cambrian series include the Franklin forma- 
tion composed of Franklin limestone and graphic 
quartz schist members, Moravian Heights forma- 
tions, Pochuck gneiss, and Byram gneiss with asso- 
ciate pegmatites.” 


Structure 

The geological structure of the Saucon Valley is 
complicated. The major structure has been explained 
by some as a syncline and by others as a graben. 
Probably a combination of downward folding and 
faulting is responsible. The fairly regular occur- 
rence of the Hardyston formation along the slopes 
of the gneiss hills in the eastern and southern 
boundaries of the valley with the Tomstown lime- 
stone adjoining suggests synclinal folding, whereas 
the almost complete absence of the Hardyston along 
the north sides gives evidence of faulting. The ver- 
tical displacement of 4000 ft along the south side 
of South Mt. a few miles southeast of the village of 
Seidersville in Lehigh County is sufficiently great 
to account for the valley. With these facts it seems 
best to explain the structure as a syncline that has 
been faulted along the northern side of the valley. 

Rock structure in Saucon Valley is complicated 
and close folding and faulting have shattered the 
rocks to a considerable depth. The lines of structure 
in general trend northeastward, parallel to the trend 
of the valley and to the ridge of gneiss on each side. 
The extent of this close folding and faulting is well 
illustrated by the fact that on New Jersey Zinc Co. 
property exploratory drilling has revealed elements 
of two synclines and two anticlines and at least five 
strike faults and eight dip faults. Closer drilling 
patterns or underground workings will probably 
reveal many more. 


Ore Occurrence 


The Friedensville zinc mines all occur in the lower 
part of the Beekmantown formation of Ordovician 


age. They are associated with a westerly plunging, 
asymmetrical anticline, overturned to the north. 
The Ueberroth orebody, which was the largest pro- 
ducer, is on the northwest vertical limb of the fold; 
the Old Hartman orebody is on the crest; and the 
Triangle, Correll, and New Hartman orebodies and 
mines are on the southerly dipping limb. Present 
development is on the south limb, a continuation 
from the Correll and the New Hartman mines. 

The mineralogy is simple, consisting of sphalerite 
and pyrite with dolomite and quartz as gangue 
minerals. Much ore occurs as a replacement of the 
matrix of a breccia that is interpreted to be of 
sedimentary origin. Some ore also occurs as a filling 
and replacement along fractures of a crackle breccia. 
The Friedensville sphalerite is unusual in appear- 
ance, very much resembling the gray dolomite in 
which it occurs. 


Discovery of Zinc in the Area and Early Mining 

Ore was found near Friedensville early in the 
19th century on the farm of Jacob Ueberroth, prob- 
ably in the course of quarrying rock for lime kilns; 
it is reported to have been noted as an unusual 
mineral in the soil. At first the mineral was not 
recognized and early attempts to treat it in an iron 
furnace failed. In 1845 the mineral was determined 
to be the zinc silicate known to mineralogists as 
calamine. Small quantities of the ore were mined 
and attempts were made to treat it. Finally a process 
of producing zinc oxide was developed, and in 1853 
Samuel Wetherill erected furnaces at Augusta (now 
South Bethlehem) and production started from the 
Ueberroth mine in the fall of the year at a rate of 
2000 tons of zinc oxide per year. In 1855 the Penn- 
sylvania and Lehigh Zinc Co. was formed to mine 
and process these ores. 

In 1859 F. Osgood opened the Correll mine and 
Pennsylvania and Lehigh built a smelter furnace 
to produce zinc metal. 

In 1860 the Pennsylvania and Lehigh Zine Co. 
changed its name to the Lehigh Zinc Co. After con- 
siderable litigation, this company acquired all the 
mines, including a lease on the Correll mine. 

During the period from 1860 to 1876, the Lehigh 
Zine Co. controlled most of the mining in the dis- 
trict. The Ueberroth operated continuously except 
for delays occasioned by installation of additional 
pumps. The greatest delay was probably from 1869 
to 1872 for installation of the large Cornish pump 
christened the President, which has an estimated 
capacity of 12,000 to 16,000 gpm. Lehigh also oper- 
ated the Old Hartman mine during this period, 
starting about 1865 and continuing for several 
months after the pumps were stopped at the Ueber- 
roth until Old Hartman was flooded by rising water 
levels. Most of the mining at the Triangle was done 
during the period from 1865 to 1872 when output 
from other mines was reduced by water problems. 
Lehigh carried its sublease on the Correll mine until 
1875, having exhausted the soft ore at the time. 

In 1876 competition from the high grade New 
Jersey zinc ores forced Lehigh Zine Co. to shut 
down the pumps at the Ueberroth, thereby also 
flooding the Old Hartman. Correll mine was then 
leased and operated by the Bergen Point Zine Co. 
until 1881. 

In 1879 the Lehigh Zinc Co. New Hartman shaft 
proved that the underground workings from the 
Correll mine had extended into Lehigh Zinc Co. 
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property. Both companies continued mining on their 
respective properties until 1881 when F. Osgood, 
part owner of Correll mine, organized the Friedens- 
ville Zinc Co., acquiring ownership of all the mines. 

Friedensville Zinc Co. continued operation of the 
Correll and New Hartman mines until 1893, with 
slight production from the Ueberroth in 1883 and 
1886 when the Ueberroth pumps were operated in 
an attempt to lower water in the other mines. A 
zinc oxide plant was erected at the Old Hartman 
mine in 1885-1886. The New Hartman and Correll 
mines were drowned out in 1892. An attempt was 
made to lower the water by pumps seated on rafts 
in the Ueberroth, but the pumps could not be 
lowered below 150 ft and all work was abandoned 
in 1893. 

In this period of mining from the opening of the 
Ueberroth in 1853 to the closing of all the mines in 
1893, water was a major handicap. This problem 
became particularly significant immediately prior 
to 1869 when Lehigh Zine Co. was forced to install 
the large Cornish pump at the Ueberroth mine, 
reputed at the time to be the largest of its type in 
the world. 

The water severely hindered the mining opera- 
tion, and its removal had a widespread effect on 
the surrounding area. During the period from 1872 
to 1876, when this pump was in operation, many 
wells and springs in the valley were reported to 
have gone dry. 


Exploration Work 

The New Jersey Zinc Co. began its acquisition of 
mining property in the Friedensville area in 1899. 

1899 to 1924: In 1899 and 1914 Calyx (shot) drill- 
holes were drilled to explore possible extensions of 
ore at the Old Hartman, New Hartman, and Ueber- 
roth. This drilling proved costwise that the Calyx 
drill was not the tool to use for exploration in the 
fractured and weathered formations present. 

Results from drilling on the New Hartman exten- 
sion were encouraging, so that in 1916 and 1917 the 
water was pumped out of the old workings of the 
New Hartman mine and a systematic sampling pro- 
gram was accomplished. 

During 1924 another drilling program was exe- 
cuted successfully, but this time diamond drills 
were used and found to be more successful than 
the Calyx. However, again the presence of frac- 
tured and weathered rock caused trouble. The 
drilling in 1924 was again encouraging in regard to 
the New Hartman ore run. 

1937 to 1940: Early in 1937 additional investiga- 
tion of the Friedensville property was carried out 
under the supervision of W. H. Callahan, now man- 
ager of exploration, for the New Jersey Zinc Co. 
The following objectives were achieved: 

1) Additional diamond drilling proved the New 
Hartman ore run extended to depth. 

2) The same drilling also revealed the geologic 
setting of the mineralization on the property. 

3) A better understanding of the regional 
geology was obtained. 

4) Horizontal and vertical engineering control 
was established. 

5) Property boundaries were established and 
marked. 

6) Procedures were established for compiling 
information on rainfall, stream flow, and ground 
water position. 
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1945 to 1946: During 1945 decision was made to 
locate the new Friedensville shaft in the hanging 
wall of the New Hartman orebody. 

With an inclined orebody the usual practice is 
to locate the access shaft on the under or footwall 
side of the shaft. In this way location of access 
crosscuts is permitted underneath the orebody with- 
out requiring permanent opening through it, which 
would tie valuable tonnage into a shaft pillar. 

The decision to locate the Friedensville shaft in 
the hanging wall was reached only after consid- 
eration of every factor involved. Geography, geol- 
ogy, and hydrology were all important, but greatest 
weight was given to hydrology. 

Three vertical diamond drillholes were bored 
during late 1945 and early 1946 to test this proposed 
shaft location. The first of these holes was drilled 
at the center point of the proposed shaft, the second 
125 ft north of center, and the third 125 ft south. 
Although the corings showed that fracturing and 
weathering existed as far down as 1200 ft, overall 
core recovery was superior in these three holes 
when compared with previous averages. This loca- 
tion appeared to be the best site for the shaft. 


Development—1947 to Present 
Plans for shaft details, underground operation, 
and surface layout were drawn up.* The shaft was 


* Details of sinking the shaft and erecting the headframe are de- 
scribed in USBM Inf. Circ. 7680. 


to be vertical, concrete-lined, and 20 ft 6 in. by 
13 ft. 

Three methods were carefully considered for 
sinking the shaft through the shattered, water- 
bearing formation: 1) prepumping the ground sur- 
rounding the shaft with 6000-gpm deep-well pumps 
through 30-in. boreholes, 2) freezing the ground 
surrounding the shaft by brine circulation, and 
3) pressure grouting the ground surrounding the 
shaft. 

Pressure grouting was chosen as most adaptable 
to conditions. The first phase consisted of drilling 
and grouting a series of 25 holes from the surface 
to depths of 325 to 350 ft. This later proved inade- 
quate owing to the impossibility of complete clay 
removal by washing previous to grout injection, as 
the clay failed when subjected to unbalanced water 
pressure occasioned by shaft advance. 

No undue difficulty was encountered during the 
first 75 ft of excavation, but at that point water 
broke into the shaft. A concrete plug was then cast 
at shaft bottom under balanced conditions of water 
pressure, water was pumped out, and after an ex- 
tensive program of drilling and grouting from above 
the plug, sinking was continued. 

Twice thereafter breakthroughs occurred in the 
shaft and once during excavation of the 400 ft level 
station, despite the elaborate drilling and grouting 
program carried in advance of all excavation. 

Rock weathering was strongly in evidence through- 
out the greater portion of the shaft. In the upper 
reaches structure was comparable to a rough ma- 
sonry wall, with bedding plane fractures dipping 
to the south, numerous cross fractures breaking the 
formation into rectangular blocks, and clay filling 
the seam. 

Water pressure of 535 psi was encountered at 
finished shaft depth of 1261 ft. 

Shaft sets, consisting of flange beams 6 in. wide, 
are spaced on 7-ft centers, dividing the shaft into a 


central service compartment, two skipways, ladder, 
counterweight, pipe, and cable compartments. Shaft 
walls are heavily lined throughout with reinforced 
concrete, which closely followed excavation. It is 
of interest to note that all concrete was delivered 
from surface through a 6-in. pipe without segrega- 
tion of aggregate. 

Shaft spoil was removed by a Riddell mucker 
delivering to a 50-cut ft sinking bucket. 

Shaft stations were turned off as the shaft was 
sunk. On Aug. 18, 1952, the shaft was completed 
to 1261 ft. These level stations were at 400, 600, 
700, 800, 900, and 1050 ft and the pump stations at 
418, 818, and 1068 ft. A crusher station was exca- 
vated at 1121 ft. Level measurements are in rela- 
tion to the shaft collar. 

All crosscuts toward the orebody, that is, to the 
north, are well advanced and ail three pump sta- 
tions together with their equipment are completed. 
At the pumping levels twin sumps of 400,000-gal 
capacity each have been completed. 


Proposed Mining Method 

Open stope mining is proposed and several meth- 
ods of ore haulage have been reviewed. The method 
selected involves an incline 15 ft high by 15 ft wide 
on a 20 pet grade along the footwall. The orebody 
is to be mined in 25-ft benches, pillars being left 
where necessary. 

In the summer of 1956 an inclined ramp was pre- 
pared from the surface to the dry bottom of the Old 
Hartman open cut, some 60 ft below grass roots. 
This site is roughly half a mile northeast of the main 
shaft. From this open pit bottom a portal has been 
established, and the incline has been advanced 60 ft 
down the 20 pct grade toward the footwall, which 
is in a southerly direction. 

The incline will be driven by means of a four- 
drill jumbo with remote controls, a 105 Eimco 
shovel loader, and two Dart trucks. The shovel 
loader is diesel driven and mounted on caterpillar 
track. The steep grade requires specially designed 
diesel-driven trucks with four-wheel drive, incor- 
porating a hydraulic retarding device. 

Plans call for the incline to be driven to the south 
until the footwall is contacted in the vicinity of the 
New Hartman workings. From here the incline will 
follow the footwall of the New Hartman ore run 
down to the 400 level and eventually to the 1050 
level. Ore will be encountered about 275 ft below 
surface. At this point a horizontal entry will be 
driven from the incline across the orebody toward 
the south. At each 25-ft level down the incline 
similar horizontal entries will be made. 

Sequence will be developed in regard to working 
the benches from the hanging wall toward the foot- 
wall except where pillars are left to support the 
back. 

Jumbos, shovel loaders, and trucks will be pur- 
chased as necessary in order to develop enough 
working places to satisfy the demand of a 2500-tpd 
flotation mill. 


Flow of Ore: Ore will be drilled by jumbo at the 
face of the 25-ft benches and blasted. Broken ore 
will be loaded directly into trucks by the shovel 
loaders. 

The ore will be trucked from the working place 
by way of the incline to the nearest level and 
through the shaft crosscut to the ore pass, where 


it will be dumped. It will gravitate in the ore pass 
to a 36x48-in. jaw crusher set just below the 1050 
level where it will be crushed to approximately 4 in. 
and discharged into a skip loading pocket. 

Six-ton skips will be loaded automatically and 
hoisted in balance by an electrically driven Vulcan 
hoist. The skips will discharge into a hopper at the 
headframe. From the hopper the ore will be crushed 
by a 44%4-ft Symons cone crusher and then conveyed 
to the 2500-ton mill storage bin. 

From the mill storage bin fine crushing, grinding, 
and flotation will result in a concentrate of zinc 
sulfide that will be loaded into trucks and trans- 
ported 30 miles to the smelter at Palmerton, Pa. 


Hydrology 

At Friedensville considerable work has been done 
in hydrology. Stream gage controls have been estab- 
lished on the Saucon Creek and its main tributary, 
South Branch, and flow data have been recorded 
since 1948. According to experts frorn the USGS 
Hydrographic Service, daily records must be at least 
ten years old before the information is representa- 
tive. Consequently the runoff values accumulated 
for the Saucon Valley watershed are useful and will 
be of greater significance as additional measure- 
ments are compiled. 

Underground Conditions and Ground Water: An 
analysis of drilling was made as of Jan. 1, 1953, 
covering some 130 surface drillholes. Total footage 
drilled exceeded 111,000 ft—more than 20 miles. 
The shortest hole was less than 100 ft and the deep- 
est more than 1600 ft. Average depth was 800 ft. 

Without exception these holes encountered under- 
ground water. Although the finest drilling equip- 
ment was used, core recovery was markedly sub- 
standard because of broken and weathered rock. 

In the average 800-ft hole there are 52.6 ft of 
clay above the bedrock and 747.4 ft of so-called 
solid rock. Actually only 75.3 pct of this rock has 
been recovered as core. Some holes show better 
recovery and some poorer, but of the rock portion 
encountered one-fourth could not be cored because 
of its physical condition. 

Core from these drillholes is an excellent repre- 
sentation of the rock encountered. Examination of 
the core indicated a general broken and weathered 
condition. Some blocks of rock (as at the shaft loca- 
tion) appear somewhat better than average, but 
even here the core shows many fractures and con- 
siderable weathering. Even in this relatively less 
broken location it has been shown by experience in 
sinking the shaft that it is impossible to open any 
large block of ground for mining while the ground 
water is present. 

The nature of the ground at Friedensville may 
best be explained by a description of the types of 
material encountered in a typical well or drillhole. 
The first foot is top soil, consisting mainly of a 
mixture of clay and organic material. From that 
point to a depth of about 50 ft, the material consists 
mainly of clay with fragments and boulders of 
material derived from weathered rock. 

Underlying the clay, to a depth of 300 to 400 ft, 
is a mass of shattered and weathered limestone and 
dolomite rock. The rock is subdivided by faults, 
bedding surfaces, and joints, so that it consists of 
multisized angular blocks, the interstices of which 
are filled with water, clay, and sand. Near the 
bedding surfaces the weathering is most intense, 
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decreasing inward therefrom so that the centers of 
the larger blocks are solid unweathered gray rock. 
Below 300 to 400 ft the average size of the blocks 
increases and the amount of weathering decreases, 
but the rock at Friedensville is unusual in being 
shattered and weathered to greater depths. 

All fractures below the water table are water- 
bearing. Fractures exposed in sinking the shaft were 
generally filled with clay, sand, and rock fragments 
but almost always small openings remained, carry- 
ing percolating water. Left to seep, these openings 
would enlarge, like a leak in a dike, until much 
larger flows would develop. In two such instances 
the flow increased to such volume that the shaft was 
flooded. Typically, the fractures are from fractions 
of an inch up to 6 in. wide. A 6-in. fracture might 
be completely filled with sand and clay or might 
have an opening 1 in. wide along one wall or some- 
times in the center. 

Interconnected Fractures: According to many 
water level observations, made over a long period 
on company property and in the surrounding valley, 
the consistent and gentle gradient of the water table 
indicates that is interconnected by a multiplicity 
of fractures. Anything done to lower the water 
table at one point affects a large surrounding area 
in all directions. 


The Domestic Water Problem 

Because of the fractured and porous nature of 
the limestone formation in the Friedensville area, 
lowering the water on company property by the 
pumping operation at the shaft site has affected the 
water level in the surrounding area. There is abso- 
lutely no way to prevent this effect, which repeats 
the condition that prevailed when mining operations 
were carried on during the last century. As was 
the case then, numerous wells and springs in the 
valley have dried up because the water table has 
dropped. 

This condition could have created a very serious 
situation in the Saucon Valley community had it not 
been anticipated. Although it had no legal liability 
to do so, the company did anticipate the problem 
and took constructive measures. 

It was obvious that the only answer to the loss 
of domestic water supplies would be to provide a 
means of replacing these supplies from some other 
source. 

The first step taken by the company was to nego- 
tiate with the city of Bethlehem to get city water 
supplies piped into the valley. The city agreed to 
bring this water to the valley from its reservoir 
some four miles away, provided it could be done 
at no cost to the city. Believing that a basic water 
system in the valley would be an essential nucleus 
from which lines could be extended by the resi- 
dents, the company undertook to provide it, agree- 
ing to pay the city of Bethlehem construction cost 
of this basic system. 

The problem of residents extending the lines to 
reach their homes was obviously one that could not 
be resolved by individual residents beyond a very 
limited extent. Accordingly two water authorities 
were formed—the Upper Saucon Water Authority 
to build and operate lines in Upper Saucon Town- 
ship and the Lower Saucon Water Authority to do 
likewise in Lower Saucon Township. 

To aid these Authorities the company undertook 
the entire expense of providing the complete services 
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of outstanding engineering and legal firms for plan- 
ning, financing, and constructing water distribution 
systems. 

These two Authorities have thus far constructed 
more than 14 miles of pipelines in the area in addi- 
tion to the 14 miles of the basic system installed by 
the company—a total of 28 miles of pipelines serv- 
ing residents in this area. 

Since the Authorities desired to keep water rates 
at levels consistent with those for similar service 
in other rural areas, it was necessary to finance 
these projects at low rates of interest, and it would 
therefore have been difficult for the Authorities to 
find a ready market for bonds. The company agreed 
to arrange for the financing of the required bonds. 
Up to this time the two Authorities have issued 
$415,000 of bonds, maturing over a period of 40 
years. 

The combined water lines of the city of Bethlehem 
and the two Authorities are now serving about 600 
dwellings in Saucon Valley. 

It has not been possible for the lines of the Au- 
thorities or of the city to reach all the dwellings 
in the affected area, because it has not been eco- 
nomically feasible to get to some places that are 
remotely located. Likewise, a substantial number 
of people faced the prospect of being without water 
until it was possible for the Authorities to construct 
their lines. 

To aid in such situations the company devised a 
program under which temporary tank installations, 
consisting of two 1000-gal storage tanks with neces- 
sary pump and tank, were made available by the 
company at no cost to the user for the installation. 
Water, taken from the city of Bethlehem system, is 
delivered to these installations in specially equipped 
tank trucks by a reliable local businessman, at a 
cost to the consumer which is very moderate for 
delivered water. 

This system is a definite improvement on the old 
cistern arrangements on which many in the valley 
were dependent in past years. Although such 
arrangements are not as satisfactory as service from 
a water line, they are adequate for domestic pur- 
poses for use in these remote locations. While many 
of those using these systems are now too remote for 
water service from a pipeline, it is obvious that with 
residential development proceeding as it is, it is 
only a question of time when greater demand for 
service in the area will make the extension of lines 
to more distant areas economically feasible, and it 
can be foreseen that under these conditions prac- 
tically all dwellings in the area that has been 
affected will have a pipeline supply. Saucon Valley 
now has adequate fire protection—unusual in a rural 
residential area—which of course was not available 
prior to installation of these systems. 
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Automatic Control of the Grinding Circuit 


At Marmora Concentrator 


by P. L. Steffensen and W. M. Aubrey 


UTOMATIC grinding control for ball mills in 

closed circuit with cyclones was developed for 
the concentrator of the Marmoraton Mining Co., a 
subsidiary company of Bethlehem Steel Corp. The 
concentrator, located at Marmora, Ont., Canada, 
treats an ore that analyzes 35 to 40 pct magnetic 
iron. Magnetite, the recoverable iron mineral, is 
concentrated by fine grinding and magnetic separa- 
tion. The mesh of grind obtained in the plant is not 
determined by the point at which liberation is suf- 
ficient to yield a satisfactory grade of concentrate, 
but by the physical requirements of the downstream 
pelletizing operation. This is considerably finer than 
is metallurgically necessary. 

The concentrator has two identical units, each 
consisting of a rod mill in open circuit, followed by 
a ball mill in closed circuit with a cyclone and two 
rougher magnetic separators. The cyclone was 
chosen as a classifier because of its high efficiency 
on heavy gravity, magnetically flocculated material. 


P. L. STEFFENSEN is Manager and W. M. AUBREY is Metal- 
lurgist at the Raw Materials Research Div., Bethiehem Steel Co. 


Also, cyclones require less floor space than any 
other classifier and lend themselves to a clean-cut 
mill design. The cyclone installation differs from 
that used in most other magnetite plants in having 
only one large cyclone per unit instead of multiple 
smaller ones. There are several advantages in this. 
First, the wear problem is minimized because of 
the larger dimensions of the feed opening, vortex 
finder, and apex. Secondly, there is less of a control 
problem, as in a multiple unit it is difficult to keep 
all cyclones identical because of wear on parts. The 
problem of feeding each cyclone its exact share of 
the load is also eliminated. 

The position of the rougher magnetic separators 
in the grinding circuit is unusual in that they follow 
the classification step instead of preceding it. They 
were installed in this position because it was found 
that better elimination of coarse gangue is obtained 
with a minimum of fines present. Also, fewer mag- 
nets are needed to treat the cyclone underflow than 
would be required to treat the ball mill discharge. 

Rougher magnets were not installed between the 
rod mill and ball mill, as their installation at this 
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point would have increased the severity of the tail- 
ings pumping problem. 

Development of the Automatic Control: In 1951, 
before the Marmora concentrator was designed, 
cyclones were used at Bethlehem Steel’s Lebanon 
concentrator to classify magnetite concentrate into 
coarse and fine fractions for sintering and pelletiz- 
ing. In the same year a cyclone was used to close 
the circuit of a ball mill to produce a 65-mesh grind 
for pelletizing. From this and other work, the basic 
concepts of the particular grinding problem at 
Marmora and the requirements of an automatic 
control system were developed. 

The problem was to produce magnetite concen- 
trate of a particular top size, always containing the 
same amount of fines. Actual specifications for the 
grinding circuit are to produce a magnetite con- 
centrate that has 1 to 2 pct on 100 mesh and 60 pct 
—325 mesh. 

Most concentrating operations can tolerate a rea- 
sonable fluctuation in screen analysis without seri- 
ously affecting grade or recovery. In fact, it is 
common practice to be concerned with top size only 
and to accept any variation that occurs in the —325 
mesh. Such variations cannot be tolerated at Mar- 
mora because insufficient —325 mesh severely affects 
the balling step in the pelletizing operation and too 
much 325 mesh reduces filter capacity, making 
moisture control difficult. In addition, over-produc- 
tion of fines represents wasted horsepower and re- 
duced capacity in the grinding circuit itself. 

Development of the automatic control for pro- 
ducing the required grind was based on the follow- 
ing concepts: 

1) The physical conditions under which the cy- 
clone operates determine the top size of separation. 
If these conditions are kept constant, the top size of 
the separation will be kept constant. 

2) The amount of circulating load determines 
the percent of —325 mesh in the cyclone overflow. 

3) More horsepower is needed to grind a hard 
ore to a given screen analysis than is required by a 
soft ore. Since the horsepower to the grinding cir- 
cuit is fixed, this means that when the ore changes 
in its grindability characteristics, the feed rate must 
be changed if the same product is to be produced. 

With these principles in mind it was decided that 
the most efficient way to control the circuit at Mar- 
mora would be to determine the circulating load 
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that would give the desired amount of —325 mesh 
and then keep the circulating load constant. Then 
when the ore becomes harder to grind, the feed rate 
must be decreased to prevent the circulating load 
from increasing. This means that more horsepower 
is being expended per ton of feed, which is neces- 
sary to obtain the same screen analysis. When the 
ore becomes softer the reverse is true. 

Of the several methods proposed for measuring 
the circulating load, the vacuum developed inside 
the cyclone was selected as the most direct and 
reliable. The vacuum developed inside the cyclone 
increases as the amount of material discharging 
through the apex increases, and a measurement of 
the vacuum is a measurement of the circulating 
load. Through proper instrumentation it is possible 
to control the feed rate to the circuit to maintain a 
particular vacuum and circulating load. 

To utilize the vacuum as the intelligence for con- 
trolling the feed rate to the circuit, the following 
instrumentation was installed: 

1) A rubber-covered probe, %-in. ID, was in- 
serted through the vortex finder and centered in the 
air column that exists in the cyclone. The external 
end of this probe was connected to a Minneapolis- 
Honeywell Air-O-Line controller. 

2) <A Conveyoflo weighing, recording, and con- 
trolling instrument was installed on the belt feed- 
ing the rod mill. The output air from the Air-O- 
Line controller positions the tonnage dial on the 
Conveyofilo instrument by means of a bellows and 
mechanical linkage. 

3) The output air from the Conveyoflo instru- 
ment positions a rheostat that controls the vibrating 
feeder so that the feeder delivers the tons per hour 
indicated on the tonnage dial. 

Thus when the circulating load increases, the vac- 
uum increases and the vacuum control instrument’s 
output air pressure changes, resulting in a decrease 
in the setting on the Conveyoflo tonnage dial. Out- 
put air from the Conveyoflo instrument repositions 
the rheostat so that there is a slight decrease in 
feed rate. The reset in the vacuum control instru- 
ment continues to correct the tonnage until the 
vacuum returns to the control point and the circuit 
is again in balance. 

To produce the same top size in the product and 
to obtain reproducible vacuum readings, the cyclone 
operating conditions must be held constant. To ful- 


The tailings pond at the 
Marmora plant, Ontario. 
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Flowsheet and instrumentation diagrams show application of automatic grinding 


control for ball mills in closed circuit with cyclones. Control system was devel- 


Flowsheet and equipment specifications for the Marmora 
concentrator, Marmoraton Mining Co., Ontario, Canada. 


1. 750-ton bin and 
vibrating feeder. 667-hp moter 

2. 24-in. conveyor output, single 

belt. scoop, 2-in. balls, 
3. Red mill, mill lined with 
Dominion trunnion %4-in. linatex 
drive, 8x12 ft, 18 rubber. 

rpm, 65 pet critical, 5. Sump and 6-in. 
Mn steelend liners pump, 30 consumed 
and lifter bars, Ni hersepower. 

hard shell liners, 6. Float valve for 
280-hp motor out- water addition. 

put, chute feeder, 7. 24-in. cyclone, 
3%-in. reds, mill 20° included angle, 
lined with 44-in. 2x12-in. feed inlet, 
linatex rubber. 8-in. diam vertex, 


liners throughout, 8. 4-in. Dorrcee 
pneumatic tire 
apex valve with 
pressure regulator 
for adjusting 
diameter 

9. Twe Jeffrey 
36x40-in. magnetic 
separators, spigot 
type, single drum. 
10. Four 30x40-in., 
3 drum, Jeffrey- 
Steffensen counter- 
flow magnetic 


4. Ball mill completely lined i2. 100-ft 
Deminion tr i with %-in. thickener.* 
drive, 114%x10 ft, vulcanized natural 13. Diaphragm 
18 rpm, 77 rubber, 9 psi inlet pump.* 
critical, Ni pressure. 14. Two 5-in 


pumps in series.* 
15. Mixer and 
feeder for Separan 


addition.* 


Instrumentation diagram for Marmora concentrator flowsheet 
and equipment list shown above. 


1. Rubber-covered prebe, talizing, recording, and con- 
44-in, ID. trolling Conveyofle instru- 
2. Solids trap. ment. 

3. Orifice. 


9. Conveyofico lead cell on 
belt feeding red mill. 

10. Air piston and posi- 
tioner. 

11. Rheostat. 


4. 11-liter bottle. 

5. Minneapolis-Honeywell 
Alir-o-Line recording and 
controlling instrument. 


Range: © te 50- H,O 12. Vibrating feeder. 
vacuum 13. Conveyor belt feeding 
6. Bellows. red mill. 


. Mechanical linkage 


le 14. Remote chart reco 
8. Builder’s Providence to- 


the instantaneous feed rate. 


fill this requirement the following steps have been 
taken: 

1) The physical dimensions of the cyclone are 
held constant. The critical dimensions are the 
diameters of the vortex finder and the apex, the 
area of the feed opening, the diameter and included 
angle of the cyclone itself. 

2) The volume and percent solids of the cyclone 
feed are kept constant. The volume is kept the same 
by operating the pump at a constant speed and 
equipping the sump with a float valve to hold a 
steady head on the inlet of the pump. As the feed 
to the cyclone consists of the original feed plus a 
circulating load of approximately 250 pct, variations 
of the controlled feed rate do not affect the percent 
solids sufficiently to interfere with proper function- 
ing of the controls. 

3) The apex valve is kept uniformly loaded at 
all times by maintenance of a uniform circulating 
load. Having the apex equally loaded at all times 
minimizes any adverse effect that changes in per- 
cent solids in the feed would have on the cyclone 
operation. 

As elimination of nonmagnetic tailings from the 
rougher magnets reduces the total feed to the ball 
mill, fluctuations in magnetic iron analysis cause 


oped to maintain grinding analysis of product within narrow limits. 


ONE OF 
TWO UNITS 8 
FEED 


+ 


om 


variations in the amount of material eliminated at 
this point. The sum of the rougher tailings and the 
cone overflow of —100 mesh material is equal to the 
new feed to the ball mill. Whether elimination of 
material is entirely through the cone overflow or a 
combination of overflow plus magnet tailings, the 
effect on the ball mill circuit is the same, i.e., an 
amount of new feed equal to that eliminated will 
enter the circuit—hence the automatic controls com- 
pensate for both grindability and grade of ore. 

Several minor items that have contributed to the 
success of the control system are worthy of mention. 
It was found that it was necessary to submerge the 
overflow pipe of the cyclone beneath the surface of 
the splitter box to prevent air from flowing through 
the pipe and destroying the vacuum in the cyclone. 

For reproducibility of vacuum readings, an un- 
limited air supply must be available at the apex of 
the cyclone. This is insured by disrupting the spray 
discharge of the underflow immediately as it leaves 
the cyclone so that the thick spray can not seal off 
the flow of air into the apex. 

The cyclone is equipped with a Dorr Co. pneu- 
matic apex valve, which allows the diameter of the 
apex to be quickly and easily changed to compensate 
for wear. This was of additional value during the 
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Relationships Between Circulating Load, Feed Rate, and Screen Analysis 


146 TPH CIRCULATING LOAD 


55 TPH FEED RATE 52 TPH FEED RATE 


52.3 TPH 


(266%) 
146 TPH 


201 TPH 
48.5%e SOLIDS 


121 TPH CIRCULATING LOAD 


(232%) 
120.7 TPH 


172.7 TPH 
44% SOLIDS 


91 TPH CIRCULATING LOAD 


47.4 TPH FEED RATE 


48.4 TPH 45.6 TPH 


138.2 TPH 
38.5% SOLIDS 


1035 GPM 


1050 GPM 


1005 GPM 


Mag RMD BMD 
Fe, Pet 39.7 52.2 


UF OF CONC RMD BMD 
56.2 39.8 65.3 38.7 51.0 


Cumulative Weight, Pet 


OF CONC BMD UF OF CONC 


56.0 39.6 65.8 . 51.6 57.3 41.1 66.8 
Cumulative Weight, Pct 


‘Cumulative Weight, Pct 


Panos 


1.0 

6.0 
13.0 
27.5 
31.5 
40.0 
47.5 
54.5 
62.0 
68.0 
72.0 
80.0 
20.0 


or 


Sample Lost 


33 
67 


1, 
4. 
9. 


starting-up period when frequent adjustments were 
necessary. 

The pump supplying the cyclone is equipped with 
a variable speed drive so that its speed may be 
altered to compensate for a change in pump efficiency 
due to wear. 

A trap is inserted in the vacuum line to prevent 
any pulp from entering the control instrument. 

A surge vessel and orifice have been inserted in 
the vacuum line to prevent momentary fluctuations 
in vacuum from affecting the control system. The 
capacity of the vessel also helps compensate for the 
lag in the circuit. To compensate further for the lag, 
the vacuum control instrument is run with a wide 
proportional band, approximately 300 pct, and with 
a minimum of reset. 

Both control instruments are equipped with 24-hr 
charts that record the vacuum and instantaneous 
feed rate respectively. Such records are extremely 
valuable in trouble shooting and also serve to keep 
the mill crews on their toes. 

Operating Data: During test periods the grinding 
circuits were sampled while operating with different 
circulating loads. Data from one test period, shown 
in the accompanying table, illustrate clearly the 
relationship between the circulating load, the feed 
rate, and the screen analysis of the final product. 


64—MINING ENGINEERING, JANUARY 1957 


During the test period the circulating load was 
varied by changing the diameter of the apex. Ton- 
nage balances shown in the table are based on: 
1) calculating the cyclone splits by use of the per- 
cent magnetic iron and the percent —325 mesh in 
the cyclone feed, overflow, and underflow samples, 
and 2) calculating the amount of rougher magnetic 
separator tailings using the chemical analyses of the 
rod mill feed, cyclone overflow, and rougher tailings. 

The data substantiate the contention that it is 
possible to maintain the same top size but vary the 
amount of —325 mesh by operating with different 
circulating loads. It can be seen also that in plants 
where fines are undesirable, the classification cir- 
cuit should always be operated under maximum 
load to avoid overgrinding and a decrease in capacity. 
The vacuum control is capable of keeping a cyclone 
classification circuit loaded to capacity at all times 
and therefore should have an application in other 
grinding circuits. 

Although the Marmora ore is extremely hard and 
abrasive, maintenance expense and operating de- 
lays have been surprisingly low. Maximum wear 
point in the cyclone occurs in the apex, with re- 
newable rubber linings lasting six to eight months. 
Pump impellers last approximately twelve months 
and original casings are still in service. 


148.7 124.3 92.6 
TPH TPH TPH 
90.8 TPH 
O 
{ 
2.7 TPH 3.6 TPH 1.8 TPH 
WATER WATER WATER 
UF 
Mesh 
+6 
+8 
+10 
+14 
+20 
+28 
: +35 
+48 
+65 
+100 0 0.5 
+150 0 1.0 
+200 5.0 
+ 325 | 33.0 
325 0 67.0 


Activation and Deactivation Of 


Sphalerite with Ag and Cn lons 


by A. M. Gaudin, D. W. Fuerstenau, and M. M. Turkanis 


Activation of sphalerite with silver ions results from the exchange of two Ag ions for 


one Zn ion in the sphalerite lattice. The exchange is proportional to the logarithm of 
time and proceeds until either of the reactants is consumed. Sodium cyanide prevents the 
activation of sphalerite by controlling the ratio [Zn ]/[Ag'}' in solution. If sphalerite 
has already been activated with excess silver, cyanide ions can deactivate sphalerite pro- 


vided oxygen is present. 


OLUBLE silver salts are effective activators for 

flotation of sphalerite with potassium ethyl xan- 
thate as collector.* Since sphalerite takes up large 
quantities of silver ions rapidly,“ investigation of 
this system appeared fruitful for studying the mech- 
anism of sphalerite activation and deactivation. Ex- 
perimental data presented here comprise studies of 
the mechanism and rates of activation and deactiva- 
tion of sphalerite with silver and cyanide ions. 

A 20-lb sample of sphalerite from Ottawa County, 
Oklahoma, was handpicked, crushed, screened, hy- 
drosized to produce a 65/100-mesh fraction, and 
purified by electrostatic separation. The sphalerite 
was then leached with benzene and absolute ethyl 
alcohol to remove possible organic contaminants 
and with 0.1 M NaCN to remove any copper that 
might have been picked up during screening. The 
benzene had been specially purified by grinding 
with fine sphalerite for 12 hr to remove trace im- 
purities that might have had a specific affinity for 
sphalerite. Finally, the mineral was washed, dried in 
flowing nitrogen, and stored in large ground-glass 
stoppered weighing bottles under a small nitrogen 
pressure. 

The specific surface of two samples from the 
65/100-mesh sphalerite stock, measured by krypton 


gas adsorption, was 420 cm* per g. Compared with. 


spheres of the same size and specific gravity, the 
prepared mineral had five times as much surface. 
Results of a wet chemical analysis and of a spectro- 
graphic study are given in Table I. Manganese, 
nickel, tin, indium, thallium, cobalt, and magnesium 
were not detected spectrographically. 

All solutions were prepared by adding reagent- 
grade chemicals to conductivity water, which had 
been previously saturated with the desired gases. 
Nitrogen and oxygen were purified, but no attempt 
was made to purify the laboratory air. Radioanalysis 
was carried out with prepurified Ag™ tracer ob- 
tained from the Oak Ridge National Laboratory. 


A. M. GAUDIN, Member AIME, is Richards Professor of Mineral 
Engineering, Massachusetts institute of Technology, Cambridge, 
Mass. D. W. FUERSTENAU, Junior Member AIME, formerly Assis- 
tant Professor of Mineral Engineering, Massachusetts Institute of 
Technology, is now with the Metals Research Laboratories, Electro 
Metallurgical Co., Niagara Falls, N. Y. M. M. TURKANIS, Junior 
Member AIME, is with the Ordnance Dept., Watertown Arsenal 
Laboratories, Watertown, Mass. 

TP 4412B. Manuscript, June 25, 1956. New Orleans Meeting, 
February 1957. 
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‘0 100 1000 
AGITATION TIME 
Fig. 1—Uptake of silver from solution by sphalerite as a 
function of time. 


The complete decay scheme for Ag’ is complex. 
Its primary emissions are 0.09 and 0.55 mev £ rays 
and 1.48 mev y rays* and its half-life is believed to 
be 270 days. In preparation of solutions of AgNO,, 
the amount of Ag added was negligible compared 
to that of the inert silver. 

Abstraction of silver from solution by sphalerite 
was measured after agitation of 1.5 g sphalerite with 
20 ml of solution in 50-ml pyrex flasks. All sample 
preparations were carried out in a dry box so that 
the proper atmosphere could be maintained. After 
the mineral had been agitated in the silver nitrate 
solution, an aliquot of the solution and a sample of 
the wet mineral were transferred to separate count- 
ing vials and weighed. The solid sample was dried 
and re-weighed and the activity in both vials 
measured by means of a scintillation counter. With 
scintillation counting it is possible to count y radia- 
tion from the solid and liquid, a distinct advantage 
over the older £-ray counting techniques.* All meas- 
urements of silver activity were made using a 
sodium-iodide well-type scintillation counter. The 
amount of zinc in solution was measured colorimet- 
rically by the monocolor method of Sandell.’ 


Activation Studies 

Exchange Between Zinc Ions and Silver Ions 
During Activation: The increase of Zn in solution 
during activation with Ag’ is shown in Table II. 
These data indicate a replacement of one Zn” by 
two Ag*. Analysis of a separate two-month agita- 
tion test indicated that the replacement of Zn” by 
Ag’ was, as expected, in the molar ratio of 2.0. 
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Fig. 2—Uptake of silver by sphalerite in the monolayer range 
as a function of the initial AgNO, addition. 
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Fig. 3—Effect of atmosphere on uptake of silver by sphalerite 
from a solution containing 2x10 mols AgNO, per g of 
sphalerite initially. 


Rate of Silver Uptake as a Function of Initial 
AgNO, Concentration: Abstraction of Ag’ from 
solution in a nitrogen atmosphere was measured for 
different initial silver nitrate concentrations (10°, 
2x10", 2x10“, and 7x10“ mols AgNO, per g of sphal- 
erite) as a function of time in agitative contact. The 
data, shown in Fig. 1, indicate that Ag* uptake is a 
logarithmic function of time. Fig. 1 shows that 
sphalerite completely takes up the Ag* in 30 min 
when the addition is 1x10“ mols per g and in 180 
min when the addition is 2x10“ mols per g. 

With the extraction of silver from solution, initially 
yellow sphalerite darkened until it became black. 
Average film thicknesses have been estimated on 
the basis of the volume of ZnS replaced by Ag.S for 
a surface area of 420 sq cm per g and these thick- 
nesses correlated with the color changes. A very 
slight darkening was noticed when even 3x10* mols 
Ag’ per g were extracted (layer about 9A thick) 
and the particles appeared completely black when 
2x10° mols Ag* per g were extracted (layer about 
60A thick). In one experiment sphalerite placed in 
a 1.5 molar AgNO, solution turned completely black 
in about 1 sec. This means that the silver sulfide 
coating became at least 60A thick within 1 sec. 
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Table |. Analysis of Stock Sphalerite 


Percentage Reported 
Spectrograph 


Element Wet Analysis 


Table Ii. Replacement of Zn** by Ag* in Activation 


Ratio of Ag* 
Extracted to 
Released 


Ag’ Extracted 
from Solution, 
Mols/G x 10 


Released 
te Solution,* 
Mols/G x 16 


| 


*In the absence of Ag+, 6.1 x 10 mols Zn*+ per liter were found 
in solution. 


Table Ili. Evaluation of the Ratio [Zn**]/[Ag*]* for Uptake of 
Ag” from Solutions Containing Zn**, Ag’, and CN~ Buffered 
at pH 9.0 


NaCN 
Addition Total 
in Mols Silver in 
per Liter Solution 


in Mols 
per Liter 


in Mols 


perLiter 


| 


£ 
BEF 


BF 


KKM MMMM KK 
000000 
w 

44888 

MMM MMM 
MRK MMR MK 
KKK KKK 


3 


Results of the extraction of Ag* from solution by 
sphalerite after 30 min agitation in solutions con- 
taining less than the amount of Ag’ necessary for 
a monolayer (4.7x10" mols per g) are given in Fig. 
2, which shows that about the same amount of Ag’ 
is left in solution at the end of each test, regardless 
of the starting quantity. Apparently much more 
than 30 min is required for sphalerite to extract the 
last traces of dissolved silver. No darkening was 
noticeable in any of the samples of sphalerite used 
in this series of tests. 

Additions of zinc acetate to the silver nitrate 
solution prior to the addition of sphalerite, within 
the range tested, did not seem to affect either the 
rate or the overall uptake of Ag’. 

Effect of Atmosphere on the Rate of Silver Up- 
take by Sphalerite: At 2x10~° mols of AgNO, per g 
of sphalerite, a series of tests were made in oxygen 
and in air to compare with the results in a nitrogen 
atmosphere. Results given in Fig. 3 indicate that 
silver uptake does not depend on the presence or 
absence of oxygen. 

X-Ray Studies on the Silver Coating: Numerous 
X-ray diffraction patterns were made of the clean 
sphalerite and of the silver-activated phase to de- 
termine the crystal structure of the dark surface 
phase. Although there were differences in the line 
intensities of the various samples, the lattice spacing 
showed no differences from the untreated sphalerite. 
The high angle lines indicated a definite but slight 
increase in the lattice spacing of the activated sphal- 
erite over the untreated mineral. 
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2x10°* ZINC ACETATE 
BUFFERED AT pk 9.0 


SILVER ON SPHALERITE PCT 
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ADDITION OF NoCN,MOLS PER LITER 
Fig. 4—Uptake of silver by sphalerite from a solution con- 
taining 2x10° M AgNO, and 2x10“ M zinc acetate at pH 
9.0 as a function of the addition of sodium cyanide. 
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Fig. 5—Deactivation of silver-activated sphalerite with ex- 
cess sodium cyanide in a nitrogen atmosphere. 


SILVER REMOVED FROM ACTIVATED SPHALERITE,MOLS PERG xio® 


A sample of 5 g of 65/100-mesh sphalerite was 
agitated for two months with more AgNO, than 
would be required for complete exchange of the 
zinc in the mineral. Some of the sphalerite spalled 
from the surface during this test. A screen analysis 
showed the sample to be 96.5 pct 65/100 mesh and 
2.5 pet —325 mesh, the intermediate sizes compris- 


ing 1 pct of the sample weight. The +325-mesh 
fraction contained 18.0 pct Ag, 52.3 pct Zn, and 28.3 
pet S. Calculation from this analysis suggests a 
coating several microns thick. The —325-mesh frac- 
tion was used for X-ray studies. No evidence was 
found for any of the crystalline forms of silver 
sulfide. 

Analysis of the solid of another 5-g sample, 
agitated for six months with excess AgNO,, showed 
that it contained 49.6 pct Ag, 28.5 pct Zn, and 21.3 
pet S. It appears from these results that in all like- 
lihood Ag* can completely exchange for Zn* in 
sphalerite if enough time is allowed, and that the 
resulting product is not coarsely crystalline silver 
sulfide. 

Silver Uptake in the Presence of Sodium Cyanide 
and Zinc Acetate: Since the uptake of Ag* by sphal- 
erite appears to be controlled by the exchange of 
Ag* for Zn* in the sphalerite lattice, the relative 
concentrations of free Zn** and Ag* in solution should 
control the uptake of Ag* by sphalerite. By adding 
zinc acetate to te system in the presence of a strong 
silver-complexing agent but weak zinc-complexing 
agent, it should be possible to control the relative 
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concentrations of free Zn** and Ag’ in solution. Such 
experiments have been made recently at Massachu- 
setts Institute of Technology by G. W. Mao and 
G. D. Seele, who agitated 5-g samples of 65/100- 
mesh sphalerite for 60 min in 100 ml of solution 
containing 2x10“ mols AgNO, per liter and 2x10“ 
mols zine acetate per liter with variable sodium 
cyanide additions. The solutions were buffered at 
pH 9.0 with 1.7x10° mols NaOH and 3.4x10~ mols 
H,BO, per liter. The experimental data, plotted in 
Fig. 4, show that about 10° mols NaCN must be 
added to the system to prevent completely the acti- 
vation of sphalerite with Ag’ under these conditions. 
Addition of about 5x10~° mols NaCN is critical. 

Deactivation with Sodium Cyanide: Experiments 
were performed to remove the silver coating from 
Ag-activated sphalerite in both nitrogen and oxygen 
atmospheres. One and one-half gram samples of 
mineral were agitated with 3x10° mols AgNO, in 
20 ml of solution for various lengths of time, fol- 
lowed by the addition of 6x10“ mols of NaCN to the 
same solution before further agitation. In Figs. 5 
and 6 the amount of silver removed from the sur- 
face is plotted as a function of the deactivation time 
for nitrogen and oxygen atmospheres, respectively. 
Comparison of these figures shows that the deactiva- 
tion is strongly favored by oxygen, as might be 
expected by analogy with fundamental facts in 
cyanidation process. 


Discussion of Results 
Mechanism of Film Formation: The blackening of 
the sphalerite surface with increasing extraction of 
Ag’ from the activating solution indicates that the 
surface layer must be many ions in thickness. Since 
the experiments show that one Zn” is released to 
the solution for two Ag* taken up by the mineral, 
activation is an exchange described by the following 
equation: 
ZnS.) +2 Ag* = Ag Sw) + Zn”. [1] 


From free energy considerations, the solubility prod- 
uct of sphalerite® is 7.0x10™ and that of silver sulfide’ 
is 6.2x10™. The equilibrium constant for the ex- 
change given by Eq. 1 would then be 7.0x10-"/6.2x10™ 
or about 10”. However, the value of the equilibrium 
constant for Eq. 1 might range from 10” to 10” be- 
cause the published data"”™” for the solubility 
product of ZnS ranges from 10“ to 10” and that 
for Ag.S ranges from 10“ to 10. Regardless of 
whether K for Eq. 1 is 10” or 10”, any Ag’ should 
have a tremendous affinity for the mineral, and the 
presence of Zn** in the absence of a silver-complex- 
ing agent obviously cannot exert enough mass action 
to affect the activation of sphalerite by Ag’. 

The direction in which the replacement given by 
Eq. 1 proceeds is dependent upon the ratio [Zn**]/ 
[Ag*]* in solution. If this ratio is less than 10” 
(based on the free energy data for the solubility 
products of the two sulfides), Ag* should replace 
Zn** in the sphalerite lattice, but if the ratio is 
greater than 10”, Zn** should have the preference. 
By use of a silver-complexing agent, such as NaCN, 
the concentration of Ag’ can be driven to a low 
value and the uptake of Ag* by sphalerite can be 
controlled. The following data apply to this system:* 


Ag(CN),* = Ag’ + 2CN",K =1.8xl10™ [2] 
Zn(CN), = Zn* + 4CN*,K =1.3x10" = [3] 
HCN,, = H’ + CN’, K = 4x10™, [4] 
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Fig. 6—Deactivation of silver-activated sphalerite with ex- 
cess sodium cyanide in an oxygen atmosphere. 
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Fig. 7—Rate of silver uptake by sphalerite as a function of 
time. 


To obtain the data for Fig. 4, the uptake of Ag’ 
by 5 g of sphalerite from 100 ml of solution con- 
taining 2x10° mols AgNO, per liter and 2x10~* mols 
zine acetate per liter was measured as a function of 
the addition of NaCN at pH 9.0. Using the equi- 
librium constants given for Eqs. 2, 3, and 4, it is 
possible to calculate the concentration of free Zn** 
and Ag’ in solution for these conditions. From these 
calculated values it is possible to evaluate the ratio, 
[Zn**]/[Ag*]*. In Table III the data are tabulated. 
According to Table III, conditions for the uptake of 
Ag’ in the presence of CN~ and Zn” are such that 
the ratio in solution of [Zn**]/[Ag*]’ varies from 
2x10" when 98 pct of the Ag* is on the mineral to 
2x10” when less than 1 pct of the Ag is on the solid. 
All but two of the points lie between 10” and 2x10”. 
It is certainly significant that this critical ratio is 
so near the equilibrium constant for Eq. 1. If a 
diagram is plotted in which the abscissa is the 
amount of cyanide added and the ordinate is the 
experimental ratio [Zn**]/[Ag*]’, this diagram 
should show a horizontal section if there is forma- 
tion of a new phase of Ag.S (Carl Wagner). This is 
not quite borne out by the data, which show a little 
too much scatter for any conclusion either way. 
Clearly additional work is required to relate com- 
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pletely the critical experimental ratio [Zn*]/[Ag”]’ 
to the equilibrium constant for the exchange, new 
phase formation, and the exchange of Ag’ for Zn” 
in the sphalerite lattice. 

Beyond a monolayer the uptake of silver ions ap- 
parently proceeds by Ag’ progressively replacing 
Zn** in the sphalerite lattice from the surface into 
the solid. Several factors point to the fact that Ag’ 
ions do not diffuse through the sphalerite solid but 
that two distinct phases are present, with a probable 
boundary zone between them. Riehl and Ortmann” 
showed that the presence of 0.01 pct Cu in sphalerite 
poisons the diffusion of Ag* into the lattice and the 
sphalerite used in this work contained 0.034 pct Cu. 
Secondly, Gaudin” has cited evidence of sphalerite 
marginally replaced by argentite, which shows that 
the diffusion of silver through sphalerite can be 
negligible even in geologic time. 

X-ray study of heavily argented sphalerite failed 
to show any new phase. It may be that the Ag.S 
layer formed at the surface is amorphous, and the 
suggestion of a strained ZnS lattice results from 
remnants of the ZnS lattice within the amorphous 
Ag.S layer. Cooke’ found that activating sphalerite 
at about 100°C for 50 days in 0.1 M silver nitrate 
causes it to disintegrate completely, and X-ray 
studies by Cooke on this material showed it to be 
argentite. 

Diffusion as the Rate-Controlling Step in Activa- 
tion: Fig. 1 shows that the time required to take up 
say 10° mols Ag’ per g of mineral varies widely 
with the concentration of silver in the solution. 
When the data are plotted as in Fig. 1 with total 
amount abstracted against log time straight lines 
are obtained, with nearly the same slope. 

At high concentrations the uptake of Ag can be 
expressed as 


1 


where I is the total mols Ag* extracted from solu- 
tion per gram of sphalerite, r, is the total mols Ag* 
extracted from solution per gram of sphalerite in 
1 min, t is the time in minutes, and k is a constant 
for a given set of conditions. f, and k seem empiri- 
cally to be family constants, dependent solely on the 
initial Ag* concentration in solution. 

In Fig. 7 the logarithm of the rate of Ag* uptake, 
dr/dt, is plotted against the logarithm of the re- 
action time in minutes. The lines obtained, which 
correspond to the lines drawn on Fig. 1, are parallel, 
of slope —1, and show that the rate of silver uptake 
is inversely proportional to the reaction time. 
Furthermore, it can be seen that if the total amount 
of Ag* in solution is initially greater than at least 
2x 10°‘ mols per g of sphalerite, that is, under con- 
ditions where the Ag* concentration in solution re- 
mains essentially constant and large, the rate of Ag’ 
uptake depends only on reaction time. Three fac- 
tors vary with reaction time: total Ag’ concentra- 
tion in solution, total Zn** concentration in solution, 
and film thickness. Since the concentration of Zn* 
in solution was found to have no effect on the Ag’ 
uptake in the absence of CN’, and since the reaction 
rate is inversely proportional to the reaction time 
even though the concentration of Ag* in solution re- 
mains constant or decreases to nil, the rate of up- 
take of Ag* by sphalerite must be controlled by the 
film thickness. From this it appears that diffusion 
of ions through the thickening silver sulfide coat- 
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Fig. 8—Rate of silver uptake as a function of the additional 
thickness after 1 min. 


ing should be examined. Because of the relatively 
thin film thicknesses as compared to the particle 
diameter, the Ag* uptake in mols per gram of sphal- 
erite is a measure of film thickness. On this basis, 
the rate of uptake of Ag’ by sphalerite is plotted as 
a function of the increase in film thickness in Fig. 8. 
This figure shows that for a wide range of initial Ag’ 
concentrations the rate of uptake is a negative ex- 
ponential function of the increase in film thickness, 
and when the initial Ag’ concentrations are high 
enough so that they remain essentially constant, the 
rate curves are superimposed. Differences in the 
initial rates probably result from boundary-layer 
diffusion, since at higher concentrations in the liq- 
uid phase, Ag* ions have a shorter distance to travel 
to the sphalerite surface. Once the initial rapid ex- 
change has taken place and a limiting film thickness 
has been built up, increasing the driving force has 
little effect on the rate. At lower concentrations, 
however, the continual reduction in the driving 
force apparently aids in decreasing the reaction rate. 

Possibly the buildup of a silver sulfide layer on 
sphalerite follows the exponential law because the 
lattice of the coating is so different from that of the 
substratum as to be equivalent to the formation of 
microcracks within the silver sulfide layer. These 
discontinuities in coating may be used to transport 
Ag’ and Zn** through the layer. The logarithmic 
law for oxide film growth on metals, which appears 
to be similar to the formation of a silver sulfide 
layer on sphalerite, has been explained on the basis 
of microcracks in the surface layer.” 

Deactivation of Silver-Activated Sphalerite: Fig. 
5 shows that partial removal of silver sulfide coating 
on sphalerite is achieved under the specified con- 
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ditions. Calculation, in this case of deactivation in 
nitrogen atmosphere, shows that when the cyanide 
is added the ratio [Zn**]/[Ag’]* ranges fom 10” to 
10”, thus coinciding satisfyingly with the critical 
range found for silver abstraction by sphalerite. 
Had the deactivation experiments corresponded to 
higher initial [Zn**]/[Ag*]* ratio, it may be assumed 
that the rate of deactivation would have been 
higher. This is perhaps what happens when oxygen 
is present, as an oxygenated system would lead to 
increased production of Zn** through oxidation of 
the mineral and its coating (Fig. 6). 


Summary and Conclusions 
It was found experimentally that Ag’ forms a 
silver sulfide layer on sphalerite through an ex- 
change mechanism according to the following equa- 
tion: 
ZnS,,, + 2 Ag’ = Ag.S,., + Zn; 
K ~ 10* to 10” 


The exchange is proportional to the logarithm of 
time and proceeds until either of the reactants is 
consumed. X-ray diffraction patterns on the Ag.S 
film formed on sphalerite were inconclusive. 

In the absence of a Ag’ —complexing agent, ex- 
cess Zn“ has no effect on Ag* uptake because of the 
tremendous affinity of sulfide ions for Ag’ over Zn”. 
However, in the presence of cyanide ions, the con- 
centration of free Ag’ can be brought to such a low 
value that the Zn* in solution prevents activation. 
Measurements of the uptake of Ag* by sphalerite in 
the presence of NaCN show that if the ratio 
[Zn**]/[Ag’]* in solution exceeds about 10”, the up- 
take of Ag* is nearly nil. If sphalerite has already 
been activated with excess Ag’, cyanide ions can 
deactivate sphalerite provided oxygen is present. 
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Flotation Characteristics 


Of a Florida Leached Zone 
Phosphate Ore with Fatty Acids 


by S. C. Sun, R. E. Snow, and V. |. Purcell 


A study including effects of 1) pH value, 2) fatty acid collector, 
3) fuel oil, 4) interfering ion, 5) particle size, and 6) operational 
variables. Test results indicate feasibility of fatty acid flotation 
under certain restrictive conditions. 


ATTY acids have been used as standard collectors 

for floating the matrix’* but not the leached zone 
phosphate ores. After a series of investigations, 
Davenport’ and Tarbutton” concluded that the 
Florida leached zone ores tested were unamenable 
to fatty acid flotation and must be upgraded by float- 
ing the siliceous gangue with Armac-T as collector. 
The cationic flotation was estimated” to cost almost 
ten times as much as a fatty acid process that would 
ideally give the same flotation grades and recoveries 
of phosphates. 

Mineralization: Extensive deposits of leached 
zone aluminiferous phosphate occur in Florida.*” 
The ore sample used for this work was obtained 
from the Virginia-Carolina Chemical Corp., Clear 
Springs area, Florida. The ore is a potential source 
of uranium and aluminum as well as phosphorus. 
Since the uranium and the recoverable aluminum 
are contained in some of the phosphate minerals, an 
upgrading of phosphate results in a corresponding 
enrichment of both uranium and aluminum. The 
phosphate minerals in the ore are primarily pseudo- 
wavellite, millisite, and carbonate fluorapatite, with 
a minor amount of wavellite. Quartz and clay are 
the common gangue minerals, quartz being pre- 
dominant. Others present in small amounts are 
ilmenite, hydrated iron oxides, staurolite, monazite, 
and zircon. 

Experimental Procedures: After being dried to 
less than 1 pct surface moisture the material was 
dry-ground in a Hardinge conical ball mill to —6 
mesh. The ground product was classified into 6/20, 
20/200, and —200 mesh size fractions. On the basis 
of Table I, the coarse and fine size fractions were 
considered as phosphate concentrates, because of 
their high phosphorus contents. In contrast, the 
20/200 mesh fraction, which was low in phosphorus, 
was used as the flotation feed. 

S. C. SUN, Member AIME, is Associate Professor of Mineral 
Preparation, The Pennsylvania State University, University Park, Pa. 
R. E. SNOW, Junior Member AIME, is Research Engineer of the 
International Mineral & Chemical Corp., Mulberry, Fla. V. 1. PUR- 
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All the flotation tests, unless otherwise stated, 
were performed in a laboratory Fagergren machine 
under the following conditions: 1) 400 g of solid 
feed for each test, 2) 2000 rpm impeller speed, 3) 8.9 
pH and 4-min conditioning, and 4) 3-min flotation. 
The procedure used for the quantitative bubble 
pick-up tests has been described previously.” 


Table |. Size and Chemical Analyses of a —6 Mesh Florida 
Leached Zone Phosphate Ore 


Acid 


P.O;, Pet Insoluble, Pct 


Particle 
Size, Analy- 


Sample Mesh bution 


~ 
as 


Fletation 


Table Ii. Relative Collecting Power of Different Fatty Acids on the 
Rougher Flotation of a 20/200 Mesh Florida Leached Zone Phos- 
phete Ore with 0.12 Lb per Ton of Pine Oil as Frother at pH 8.9 


Fatty Acid 
_ Distribu- 


Product 


Test Amount, 
Nuem- b 


ber Name Per Ton Name 


None Head 

Linoleic* Concentrate 
Tail 

Oleic* Concentrate 

Tail 

Concentrate 

Tails 


Linolenic* 


Stearic or 
lauric* 
Crude tall oil** 
Reagent 708** 
Aliphat-44A** 
Neofat D-142** 
Oleic acid** 


Practically no flotation 
Concentrate 21.7 26.07 
Concentrate 20.0 
Concentrate 24.3 
Concentrate 20.0 
Concentrate 20.4 


S828 


a 


* Fatty acid alone. 
** With 1.89 lb per ton fuel oil. 
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“Solu- 
Distri- Solu- Analy- Distri- 
Ore 6 
6/20 
20/200 
200 d 
20/200 
Feed 20/35 
35/48 
48/65 
65/100 
100/150 
150/200 
—200 
tion of 
wt, Assay P2Os, 
Pet P.O; Pet 


Experimental Results T 
Optimum pH: Fig. 1 shows that the optimum pH ee 
range for floating this material with oleic acid as LZ 

collector is 8.5 to 9. Flotation occurs only when the 
pH value is higher than 7.0 and increases with pH 
up to 9.1. After that, a further increase of pH re- 
sults in a sharp decrease in flotation. Sodium hy- 
droxide and hydrochloric acid were used as pH 
regulators. 

Fatty Acid Collectors: Tests 1 through 4 of Table 
II show that the collecting power of aliphatic fatty 
acids on the phosphate minerals of this ore decreases 
in the order of linoleic, oleic, linolenic, and stearic . “ 
acids, each containing 18 carbon atoms with two, TEE, yy Or 
one, three, and zero double bonds, respectively. This 20) | 
means that the collecting power of the fatty acids 
on the phosphate minerals increases with increasing 2 ‘ | 
unsaturation of the hydrocarbon chain up to two 
double bonds; after that, a further increase in the 05 1.0 5 20 25 3.0 
number of double bonds reduces the collecting OLEIC ACID, L8/T. 
power. Tests 1 through 4 of Table II indicate clearly . , , 
that the collecting power of the fatty acids on quartz 
increases with increasing saturation of the hydro- Test conditions: 0.12 Ib per ton pine oil ond 8.9 pH. 


I-FLOAT 2-GRADE, Pp 0s 


CONCENTRATE, PCT. 
i 


100+ T | 
FLOAT 2- GRADE, P, 0, 
|3-RECOV., 4~ INSOL. | 


PCT. 


PLOAT 
'3-RECOV., 4- INSOL. 


CONCENTRATE , 


| 


CONCENTRATE, PCT. 


- 


Fig. 1—Effect of pH on rougher flotation of 20/200 mesh Fig. 3—Effect of fuel oil on rougher flotation of 20/200 
Florida leached zone phosphate ore. Test conditions: 1.06 mesh Florida leached zone phosphate ore. Test conditions: 
Ib per ton oleic acid and 0.12 Ib per ton pine oil. 1.06 Ib per ton oleic acid, 0.12 Ib per ton pine oil, and 8.9 
pH. 


Table Ill. Quantitative Bubble Pick-Up of Various Phosphate Minerals* 


Number of Pick-Up 


; Phosphate Minerals Particles 
Hydration*** Na-01 Na-01 and 
a Name Chemical Formula P.Os,*** Pet Percent Alene Kerosene 
Fluorapatite Cas 42.2 0 1004 150+ 
> (Perth, Ontario, Canada) 
“Collophanite” Cae(PO.,COs) ¢-CaF 34.6-42.2 0-4.4 65 100+ 
(Clear Springs area, 
Florida) 
“Collophanite” Cap(PO4,COs) 34.6-42.2 0-4.4 60 100t 
(Brewster, Florida) 
Pseudowavellite** CaAls(PO,) 2(OH)s-H2O 25.2-34.5 15.2-20.0 
Millisite** (Na,K) CaAle(PO,) «(OH)» 33.8-34.8 16.5-18.0 
Wavellite Al; (PO,) «(OH) 9-3HyO 32.7-34.5 27.4-28.6 45 65+ 
a (Montgomery County, 
Arkansas) 
Variscite AIPO,-2H:O0 44.9 22.8 40 57t 


(Fairfield, Utah) 


* Test Conditions: Inside diameter of bubble holder, 0.31 cm: particle size, 48/65 mesh; pH, 80 to 82: sodium oleate, 20 mg per 
liter; and kerosene, 139 mg per liter. 
** Sample not available 

*** Reference 15 

+ Flocculation 


er 
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Fig. 4—Effect of interfering cations, added as the nitrate, on rougher flotation of 20/200 mesh Florida leached zone phos- 
phate ore in distilled water. A 0.1 Ib per ton of interfering ion signifies that the concentration of added cation in the pulp 
liquid is 4.35 ppm. Test conditions: 200 g solid feed, 8 pct solid pulp density, 1.06 Ib per ton oleic acid, 2.09 Ib per ton fuel 


oil, 0.12 Ib per ton pine oil, and 8.9 pH. 


carbon chain up to one double bond; however, sat- 
urated fatty acids including stearic and lauric give 
rise to practically no flotation. The data led to the 
conclusion that linoleic, but not linolenic acid, is 
superior to oleic acid, and that the saturated fatty 
acids are useless for floating this ore. It follows, 
therefore, that the presence of linoleic acid in some 
commercial collectors, particularly crude tail oil,“ 
is chiefly responsible for their relative high collect- 
ing power, as shown in tests 5 through 9 of Table II. 
The above cited fatty acids, having a purity of 
greater than 99 pct, were prepared by the Hormel 
Foundation. 

Fuel Oil: Use of fuel oil for flotation of this ore 
with oleic acid as collector was investigated. Fig. 2 
shows that in the absence of fuel oil oleic acid is 
handicapped by its low collecting power on phos- 
phate minerals at low concentrations, and by its 
appreciable affinity for siliceous gangue minerals at 
high concentrations. Experimental data, not pre- 
sented, showed that this was also true for sodium 
oleate and linoleic acid. A comparison between Figs. 
2 and 3 shows that the shortcomings of oleic acid 
can be considerably remedied by mixing it with fuel 
oil. Fig. 3 shows that the addition of fuel oil not 
only increases the flotation of phosphate minerals, 
but also aids the rejection of silica. This may be 
explained by the fact that fuel oil or similar liquid 
hydrocarbons coat and flocculate only the collector- 
smeared phosphate particles but not the hydrophilic 
silica particles, because of hydrophobic adsorption.” 
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As a result, the highly floatable and preferentially 
flocculated phosphate particles are effectively float- 
ed from the practically nonfloatable and nonfloccu- 
lated silica particles with a minimum amount of 
oleic acid. 

The beneficial effect of liquid hydrocarbons was 
further verified by bubble pick-up tests. Table III 
shows that kerosene is capable of increasing both 
the floatability and flocculation of phosphate min- 
erals in sodium oleate solutions. Test data, not pre- 
sented, showed that this was also true for fuel oil, 
soybean oil, dodecane, and similar liquid hydro- 
carbons. Table III indicates also that the aluminum 
phosphate minerals of leached zone ores are less 
susceptible not only to the adsorption of sodium 
oleate but also to the subsequent coating of kerosene, 
as compared with the calcium phosphate minerals 
of matrix ores. 

The optimum ratio of fuel oil to oleic acid for the 
phosphate flotation of this ore was found to decrease 
with an increase of oleic acid. For example, the op- 
timum ratio was around 5 and 1.6 respectively for 
1.06 and 1.27 lb per ton of oleic acid. When the con- 
centration of oleic acid was 1.5 lb per ton and higher, 
any addition of fuel oil tended to flatten the froth 
and thus resulted in a sharp drop of yield. 

Interfering Ions: Phosphate flotation was impos- 
sible during the hurricane season, since the tap 
water was contaminated by the flood. A series of 
spectrographic analyses was made to identify the 
impurities in the water and in the pulp liquid. Table 
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Table IV. Spectrographic Analyses of Water and Filtrate of Ore* 


Ore Filtrate 
Tap Prepared with 
Water During 
Inter- Hurricane Distilled Distilled Tap Water 

Test fering Season of Water, Water, (Calculated), 
Nember Ion 1955, Ppm Ppm Ppm Ppm 
1 Ca 8.36 0.15 2.72 10.93 
2 Mg 3.22 0.10 0.11 3.23 
3 Al 0.08 N.D. 2.45 2.53 
+ Si 0.26 N.D. 1.09 1.35 
5 P N.D. N.D. 1.09 1.09 
6 Fe 0.05 0.05 0.27 0.27 
7 Ti 0.01 N.D. 0.06 0.07 
8 Pb 0.04 N.D. 0.01 0.05 
9 Ba 0.01 N.D. 0.01 0.02 
10 Cu 0.01 N.D. 0.01 0.02 
ll Cr 0.01 N.D. 0.01 0.02 
12 Mn 0.01 N.D. 0.01 0.02 
13 Ni 0.01 N.D. 0.01 0.02 
14 Sr N.D. N.D. 0.02 0.02 


* Prepared by agitating 200 g of 20/200 mesh ore in 2300 cc dis- 
tilled water for 4 min. 
N.D.: Not detected. 


IV shows that the amount of elemental impurities in 
the pulp liquid decreases in the order of Ca, Mg, Al, 
Si, P, Fe, Ti, Pb, Ba, Cu, Cr, Mn, Ni, and Sr. Of 
these ions Ca and Mg are largely supplied by tap 
water, whereas the rest of them are imparted by the 
ore. It shows also that ions present in appreciable 
quantities in the pulp liquid are Ca, Mg, Al, and Fe, 
particularly Ca. Flotation of this ore is practically 
inhibited whenever the total concentration of these 
four ions in the pulp liquid reaches 17 ppm, which is 
equivalent to 0.39 lb per ton under the flotation 
conditions of Fig. 4. It follows, therefore, that tap 
water containing more than 10 ppm of these four 
ions is not suitable for floating this ore. The analy- 
tical data on silica and phosphorus indicate that 
under normal conditions there are enough water 
soluble silicates and phosphates in the pulp for silica 
depression.” 

A series of flotation tests was made to determine 
the toxicity of different interfering ions, primarily 
Ca”, Al”, Fe”, and Pb”. In addition, spot tests were 
made on the ill effects of Mg”, Cu”, and Ba”™ ions. 
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Fig. 5—Effect of coarse particles on rougher flotation of 20/ 
200 mesh Florida leached zone phosphate ore. Test condi- 
tions: 0.64 Ib per ton oleic acid, 1.9 Ib per ton fuel oil, 0.12 
Ib per ton pine oil, and 8.9 pH. 
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These ions were all introduced as nitrate salts. Dis- 
tilled water was used for this particular series of 
flotation tests. The results, as plotted in Fig. 4, show 
that these ions, in excessive concentrations and at 
pH 9, are capable of not only activating silica, but 
also of depressing phosphate. However, ferric and 
aluminum ions, at extremely low concentration, are 
activators for both silica and phosphate. Activation 
of silica by these ions has often been studied” and 
no repetitious explanation is necessary. The fact that 
silica is not activated by ferric ion at high con- 
centrations is attributed chiefly to the precipitation 
of ferric hydroxide” and partly to the high pH 
value.” The nonactivation of silica by calcium may 
be caused by the improper molal ratio” between 
oleate and calcium ions. 

In contrast to studies of the activation of silica, 
previous work on the depression of phosphate is 
scanty. It is postulated here that the depression of 
phosphate by these cations is caused chiefly by pre- 
cipitation of oleate ions in the bulk solution as in- 
soluble metal oleates and partly by coating of the 
phosphate surface with a nonfloatable layer of hy- 
drolyzed metal colloids. Considering precipitation, 
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Fig. 6—Effect of —200 mesh slimes on rougher flotation of 
20/200 mesh Florida leached zone phosphate ore. Test con- 
ditions: 0.74 Ib per ton oleic acid, 2.2 Ib per ton fuel oil, 
0.12 Ib per ton pine oil, and 8.9 pH. 
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Fig. 7—Effect of pulp density on rougher flotation of 20/200 
mesh Florida leached zone phosphate ore. Test conditions: 
1.06 Ib per ton oleic acid, 2.09 Ib per ton fuel oil, 0.12 Ib 
per ton pine oil, and 8.9 pH value. 
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Table V. Effect of Various Interfering lons on the Bubble Pick-up 
of 48/65 Mesh Wavellite at pH 8.8 


Treating Particles 
with 100 Ce of 12.5 
Mg per Liter Inter- 
fering Ion and Then, 
After Washing, 
Placing in 100 Ce of 
35 Mg per Liter Na-01 


Washed 
12.5 8.1 12.5 Washed with 
Mg per Mg per Mg per Twice 5 Pet 
Literlon, Literlon, Literlon, with NaOH HC! Solu- 
20 Mg 30 Mg Seolu- tion and 
per Liter per Liter tion at Distilled 
Na-O1 pH 8.8 


4 


Simultaneous Treatment of 
Particles with Interfering Ion 
and Na-01 in 100 Ce Solution, 

Containing: 


SESSSaRS 


* Flocculation. 

** Partial flocculation. 

+ Pretreated with 5 pct solution for 5 min followed by washing 
with distilled water for 5 min. 
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Fig. 8—Effect of pulp temperature on rougher flotation of 
20/200 mesh Florida leached zone phosphate ore. Test con- 
ditions: 1.06 Ib per ton oleic acid, 2.09 Ib per ton pine oil, 
and 8.9 pH. 
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Fig. 9— Effect of impeller speed on rougher flotation of 
20/200 mesh Florida leached zone phosphate ore. Test con- 
ditions: 1.06 Ib per ton oleic acid, 2.09 tb per ton fuel oil, 
0.12 Ib per ton pine oil, and 8.9 pH. 
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the concentration of oleate in solution can be sub- 
stantially reduced by the precipitating effect of ex- 
cessive amounts of interfering ions. Under these 
circumstances the remaining oleate ions are quan- 
titatively insufficient for effective phosphate flota- 
tion. This is in agreement with the previous finding™ 
that at high concentrations the above cited interfer- 
ing ions are depressants for barite and calcite in soap 
flotation. Regarding the resurfacing of phosphate, 
columns 4 and 5 of Table V show that a phosphate 
particle pretreated with any one of the interfering 
ions is less floatable than an untreated particle and 
that the depressed particle can be considerably 
cleaned by acid washing to regain most of its origi- 
nal floatability. The data indicate also that the dele- 
terious effect of resurfacing is quite pronounced in 
the case of the trivalent cations, Fe and Al”. but is 
less significant for the divalent cations. Columns 2 
and 3 of Table V show that the depression of phos- 
phate increases directly with the concentration of 
the interfering ion. 

Particle Size: Tests were made to determine how 
flotation of this ore is affected by the presence of 
coarse particles. Fig. 5 shows that, while other fac- 
tors are kept constant, an increase of the upper size 
limit of feed from 65 to 35 mesh and coarser results 
in a considerable decrease of flotation recovery at 
the compensation of grade. According to the multi- 
bubble hypothesis,” the flotation of coarse particles 
is difficult and becomes possible only for phosphate 
minerals having a high contact angle. Another fac- 
tor to be considered is the lack of liberation of 
coarser particles. 

The effect of —200 mesh slimes was also tested. 
Fig. 6 shows that the presence of slimes in feed not 
only reduces the phosphate recovery but also lowers 
the grade of flotation concentrate. This can be ex- 
plained” by the fact that colloidal slimes are capable 
of: 1) consuming large quantities of reagents, 2) 
coating surfaces of both mineral particles and oil 
droplets, and 3) causing the nonselective levitation 
of fine particles in the initial stage of flotation. 

Operational Variables: Tests were made to deter- 
mine the effects of operational variables, such as 
pulp density, temperature, and impeller speed, on 
the phosphate flotation of the ore. Fig. 7 shows that, 
while other factors are kept constant, flotation re- 
covery increases and grade decreases slightly with 
an increase of pulp density up to 50 pct solids. An 
increase in pulp density not only increases the buoy- 
ant forces on the bubble-attached mineral particles,” 
but also facilitates the smearing of mineral surfaces 
by oleic acid and oil droplets, owing to the minute 
spacing between particles in thick pulps. Fig. 8 
shows that an elevation of temperature depresses 
phosphate but activates silica. The most advanta- 
geous pulp temperature appears to be around 20°C. 
This may be caused by the increased solubilities of 
some of the interfering ions at higher temperatures. 
Fig. 9 shows that the optimum impeller speed for 
floating this particular ore is about 1600 rpm. Low 
impeller speeds will neither keep the coarse particles 
in suspension nor prevent the mechanical entrap- 
ment of silica by flocculated phosphate. In contrast, 
the violent agitation of an extremely high impeller 
speed not only destroys the attached bubbles on the 
coarser particles” but also facilitates introducing 
toxic ions from the ore into the pulp liquid. 

Feasibility of the Process: The feasibility of the 
fatty acid process for phosphate flotation is sup- 
ported by the experimental data of Table VI. To 
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; Inter- 
; fering 
Ion 
(2) (3) (5) 
None 150° 100* 100* 100*t 
70 75 50 74 
y Cur? 70 15 45 80 
Ba*? 60 85** 45 85 
Mg‘? 70 70 48 72 
| Ca+2 70 80** 45 80 
Al*s 35 65 30 43 
Fes 30 70** 25 45 
90 20 
| 
| | 
| 
|_| 
2 
| 


Table VI. Optimum Flotation Results of Florida Leached Zone Phosphate Ores 


Product 
Flotation* Name POs 


Assay, Pet 
Insoluble P.O; 


Reagent, Lb per Ton 


Armac Oleic Fuel Pine 
Insoluble pH T Acid oil ou 


Distribution, Pet 
Flotation 
Time, Min 


Fatty acid C-1 ore** 
Rough concentrate 
Rough tail 
Fatty acid C-2 oret 
Rough concentrate 
Clean concentrate 
Rough tail 
Clean tail 
C-1 ore** 
(C-1 Rough concentrate 
ore) Rough tail 


~ 
ix] 


~ 


* 400 g of ore; 16 pct solids. 
** 20/200 mesh ore from Clear Springs area, Florida. 


+ 14/200 mesh ore from Clark James—South Ridgewood, Florida. 


t Frother B-23. 


refer to this table, test 1 shows that the leached 
zone phosphate ore from Clear Spring area, Florida, 
can be effectively floated by the fatty acid process to 
result in a rougher concentrate of 26.4 pct P.O, and 
85 pct recovery. The feasibility of the fatty acid 
process was further verified by experimenting with 
another Florida leached zone phosphate ore, as 
shown in test 2. A comparison of tests 1 and 3 re- 
veals that the fatty acid flotation of phosphate from 
silica is more effective than the amine flotation of 
silica from phosphates for beneficiating this particu- 
lar ore. This is due chiefly to the fact that, in amine 
flotation, the 20/48 mesh quartz particles are diffi- 
cult to float. 

It should be pointed out that the Florida leached 
zone phosphate ores are low in grade and can not 
yield a flotation concentrate equivalent to that ob- 
tainable from the matrix ore. This is because the 
maximum theoretical phosphorus pentoxide content 
of the aluminum phosphate minerals in the leached 
zone ores is only about 29 to 34 pct, as compared 
with 35 to 42 pct for the calcium phosphate minerals 
in the matrix ores. Consequently, tests were made to 
upgrade the flotation concentrates further by cal- 
cining it at 800°C for 2 hr. Results showed that the 
P.O, content of the flotation concentrate was in- 
creased 1 pct by calcining. This slight upgrading is 
attributed to the removal of the combined water 
present in the hydrated phosphate and clay minerals. 


Summary 

1) It is found that this Florida leached zone 
phosphate ore can be effectively upgraded by fatty 
acid flotation under certain restrictive conditions. 

2) In the phosphate flotation of this ore, the col- 
lecting power of saturated fatty acids, exemplified 
by stearic and lauric acids, is definitely inferior to 
that of the unsaturated fatty acids having 18 carbon 
atoms. Collecting power of the unsaturated fatty 
acids on phosphate minerals decreases in the order 
of linoleic, oleic, and linolenic acid. 

3) Addition of fuel oil or similar liquid hydro- 
carbons is necessary for successful phosphate flota- 
tion of this ore. The optimum ratio of fuel oil to 
oleic acid appears to decrease with increasing con- 
centration of oleic acid. 

4) Phosphate flotation is practically inhibited 
whenever the total concentration of Ca, Mg, Al, and 
Fe ions in the pulp liquid is 17 ppm or higher. 

5) The most suitable pulp temperature is about 
20°C; the proper impeller speed is approximately 
1600 rpm; and the optimum pH is 8.9. 
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6) The phosphate content of flotation concen- 
trates can be increased slightly by calcining at 
800°C for 2 hr. 
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Evaluation of Mine Drainage Water 


by S.A. 


RAINAGE water from coal mines is probably 

the most serious water pollution problem today, 
varying in importance according to location of the 
mines and geological structure. Drainage may be 
either acid or alkaline in character. Acid discharge, 
the most severely detrimental to a stream, is caused 
by natural oxidation of the sulfuritic material (FeS.) 
in the strata associated with the coal seam. Since 
the acid is the result of a natural reaction the acid 
water differs because it does not cease with abandon- 
ment of the mining operations. There is no known 
economical method of neutralizing acid mine water 
or any practical method to prevent oxidation of ex- 
posed pyrite. 

Since production of acid from a mine does not stop 
when mining stops, the total quantity produced de- 
pends entirely upon the excavated areas. The in- 
creasing volume of acid water in many mines has 
greatly increased operating costs. Pumping is ex- 
pensive and acid mine waters are destructive of all 
equipment, especially metals in pumps and piping, 
and necessitate the use of corrosion-resistant mate- 
rials. Discharge of the acid mine drainage into 
streams neutralizes their normal alkalinity, causes 
them to become acid, and produces an environment 
unfavorable for aquatic life and unsuited for indus- 
trial or domestic use without costly treatment. 

Mine drainages vary in percentage composition 
over wide limits, although the usual dissolved sub- 
stances are ferrous and ferric iron, aluminum, cal- 
cium and magnesium sulfates, and lesser amounts 
of sodium, potassium and manganese sulfates and 
chlorides. Some alkaline discharges may contain 
heavy concentrations of iron as iron bicarbonate. 
These waters may produce iron hydroxide deposits 
in the receiving stream but do not cause it to be- 
come acid. 

In the extensive literature on acid mine water 
there appears to be a great deal of confusion about 
the importance of various components and the 
methods for their determination. In many instances 
faulty conclusions have been drawn from use of un- 
suitable methods of analysis. It is desirable that the 
factors and terms used in evaluation of analyses of 
mine waters should be so clearly defined that any 
interested person could properly appraise any ana- 
lytical report. Some analysts report complete chemi- 
cal analyses of mine waters and neglect to record 
drainage volumes. Others report only a minimum of 
analytical data after taking no precautions to pre- 
serve the original composition of the water during 
the time elapsing between collection and analysis. 
Some use methods of analysis intended for so- 
called pure waters of the potable and boiler water 
classes. These methods are not applicable to highly 
buffered waters such as mine water. Probably the 
most common criteria for evaluation are pH, free 
acidity, or acidity or alkalinity to methyl orange or 
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methyl red, total acidity or acidity to hot phenol- 
phthalein, and the sulfate content. If these deter- 
minations are made on carelessly collected samples 
after a few days to weeks standing in warm rooms, 
they do not in any way represent the character of the 
water flowing from the mines. It is hoped that a 
brief discussion of the fundamental value of some 
of these factors may lead to a better understanding 
of the need for more careful evaluation of mine 
water discharges. 

The term pH is one used by chemists to express 
relative acidity or alkalinity in terms of concentra- 
tion of effective hydrogen ion in a solution. It is de- 
fined as the negative logarithm of the hydrogen ion 
concentration or activity in equivalents per liter. 


pH = logarithm 


A neutral solution, which is one containing the 
same number of hydrogen and hydroxy] ions, has a 
pH of 7. As the hydrogen ions increase and the solu- 
tion becomes more acid, the pH decreases toward 
zero; and as the hydroxyl ions increase and the 
solution becomes more alkaline, the pH approaches 
14. When dissolved in water to a dilute solution 
acids like sulfuric and hydrochloric, commonly 
known as strong acids, ionize completely, and the 
pH or hydrogen ion concentration varies with molar 
concentration of the dissolved acid. However, in 
high concentrations of such acids, the pH or hydro- 
gen ion concentration is less than the acid concen- 
tration because the acid does not completely ionize. 
In only very dilute solutions does the pH represent 
the total amount of acid that can be neutralized by an 
alkali. 

All ionization reactions are equilibrium reactions. 
If other chemicals are added to the solution of an 
acid and the added chemical produces an ion that is 
the same as one of the ions of the acid, the degree of 
ionization of the acid is altered and the pH changes 
to some value that represents the active hydrogen 
ion of the new solution. Thus if iron sulfate is added 
to a solution of sulfuric acid the pH increases, since 
the common sulfate ion suppresses the degree of 
ionization of the sulfuric acid and decreases the 
effective hydrogen ion. However, the total acidity of 
the solution is increased. 

There are two salts composed of iron and sulfate— 
ferrous and ferric sulfate. In these salts there is no 
hydrogen ion that can ionize to give an acid solu- 
tion, but when they are dissolved in water, the pH is 
less than 7 and the solution becomes acid. This is 
caused by a reaction known as hydrolysis and is 
represented by the equations 


FeSO, + 2H.O > Fe(OH), + 2H’ + SO, 
or 
Fe.(SO,), + 6H,O = 2Fe(OH), + 6H* + 3S0O, 


A solution with a total acidity of 5000 ppm accord- 
ing to the first equation will have a pH of 4.40 but 
one with an acidity of 75 ppm, according to the sec- 
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ond equation, will have a pH of about 3.40, indicat- 
ing it should be much more acid than the first solu- 
tion with a pH of 4.40. Also a solution containing 
2800 ppm of iron according to the first solution will 
be 5000 ppm acid and have a pH of 4.40, whereas 
one containing the same 2800 ppm of iron according 
to the second equation will have a pH of 2.20 and an 
acidity of 7500 ppm. Thus the pH dees not represent 
neutralizable acidity in solutions containing iron in 
the form of sulfates, although such solutions are 
synthetic mine waters. Similarly if in a solution rep- 
resented by the first equation having an acidity of 
948 ppm the iron is oxidized to the ferric state, the 
pH will change from 4.79 to 2.82 without change in 
total acidity. This shows the fallacy of quantitative 
evaluation of mine waters by pH. 

pH is of value in estimating the quality of a 
stream. Aquatic life prefers an environment within 
a pH range of 5.5 to 8.0 and any good stream that 
receives acid mine discharge in an amount that de- 
creases the pH below the preferred range will not 
support aquatic life. However, the mere fact that 
such a stream receives mine water with a pH of 3.0 
does not mean the stream is ruined. The effect on 
the stream is determined by the relative volume and 
the total acidity of the mine discharge compared to 
the alkalinity and flow of the stream, and not by the 
original pH of either. 

The term free acidity is derived from the methods 
of analysis used for potable and boiler waters, in 
which a differentiation is made between mineral 
acidity and carbon dioxide acidity. It is determined 
by titration of a solution with an alkali using methyl 
orange or methyl red indicators. These indicators 
change color at a pH of about 4.4 or in a solution 
that is definitely acid. While such a titration gives a 
value termed free acid, the value does not neces- 
sarily arise from the presence of uncombined acid 
but is the result of the hydrolysis reaction shown 
above. Therefore the term free acid represents only 
the degree of hydrolysis of the iron salts at that par- 
ticular time. For example, a solution of ferrous sul- 
fate in water was diluted and the pH, free acid 
(methyl red), and total acidity by titration in hot 
solution to phenolphthalein end point were deter- 
mined. The results given in Table I were obtained. 

In a second portion of each of these solutions the 
iron was oxidized by the addition of a few drops of 
hydrogen peroxide and the determination repeated. 
These data are given in Table II. 

Oxidation of the iron, though it did not change 
the percentage composition, resulted in an apparent 
increase in the free acid and a decrease in pH, but 
without a change of the total acid. 


Table |. Analysis of a Solution of Ferrous Sulfate in Water 


Solution Free Acid Total Acid 


948 
499 
336 
254 


Table Ii. Analysis of Ferrous Sulfate Solution with Hydrogen 
Peroxide Added 


Solution Free Acid, Ppm Total Acid, Ppm 


961 
503 
349 
259 
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These variable data for synthetic waters are en- 
tirely comparable to the results obtained on most 
mine waters. The major constituents of mine water 
are aluminum, ferrous and ferric iron, calcium, mag- 
nesium, and sulfate, with smaller amounts of man- 
ganese, sodium, potassium and chloride. The sulfate 
salts of the iron and aluminum are the chemicals 
causing the acidity of the water. The iron in some 
waters is entirely in the ferrous state of oxidation 
and gives results comparable to those in Table I if 
analyzed immediately after collection at the mine. 
The iron present oxidizes very rapidly with in- 
crease of temperature. Speed of oxidation is in- 
creased by the presence of a bacterium, Ferro-bacil- 
lus ferrooxidans, and after a day or two oxidation 
approaches conditions similar to those from which 
the data in Table II were obtained. Thus the true 
character of acid mine discharge should be deter- 
mined only on fresh samples. Since the total acidity 
does not change during these reactions it represents 
the characteristic of the water which is of greatest 
importance as a real criterion of quality. 

The chief pollutional agents of mine waters are 
the iron and acid content. Upon reaching a stream 
the iron is deposited as a yellow iron hydroxide or 
yellow boy on the banks and bottom of the stream. 
This deposit kills the lower forms of aquatic life 
existing in these areas. In many cases sufficient iron 
is present to cause a suspension of iron hydroxide to 
exist in the water, which results in high turbidity. 
The acid content neutralizes the natural alkalinity of 
the stream water, frequently decreasing the pH be- 
low the preferred range for aquatic life. The neu- 
tralization reaction is identical in nature with the 
neutralization reaction used in determining acidity, 
although it does not stop at an indicator end point 
but usually passes neutrality. Alkalinity of a stream 
is due to the presence of calcium bicarbonate dis- 
solved from earthy materials through which the 
water passes. The reaction of the calcium bicarbon- 
ate with the acid resulting from the hydrolysis of the 
iron and aluminum salts in the mine water can be 
represented by the following equations: 


FeSO, + 2H,O Fe(OH), + H.SO, 


or 
Fe,(SO,), + 6H,O ~ 2Fe(OH), + 3H,SO, 


and 
H,SO, + Ca(HCO,), > CaSO, + 2H,O + 2CO, 


From these reactions it is evident that the alka- 
linity of a stream represented by Ca(HCO,), will 
neutralize the acid in proportion to their relative 
concentrations and volumes. However, it is also nec- 
essary that the concentrations of both the available 
acid and the available alkali be determined 
by methods which produce results that can be 
used for stoichiometric calculations. Such a 
method is the determination of total acidity 
by titrations in hot solution with an alkali to a 
phenolphthalein end point and the determination of 
alkalinity by the addition of an excess of standard 
acid, boiling the solution to remove CO, and back 
titrating with a standard alkali to the same phen- 
olphthalein end point. It should be noted that the 
presence of high concentrations of aluminum may 
give high results. These results can then be equated 
one to the other to calculate the volume of a mine 
water a given volume of stream water will absorb 
without becoming acid. Such a calculation cannot be 
made if alkalinity is determined by one method 
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2 1 4.79 9.2 
2 4.90 24 
3 5.01 0.8 
4 4 5.11 0.3 
1 2.82 511 
cc 2 3.02 259 
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re 4 3.15 136 
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(methyl orange) and acidity by another (phen- 
olphthalein) or free acidity (methyl! orange). 

These methods of determining the quality of mine 
drainage are of utmost importance in evaluating the 
effect of a discharge on a stream. It is of course es- 
sential that the volume of both the mine discharge 
and the receiving stream be known if evaluation is 
to be made by any method. This method is applicable 
to any mine discharge and any receiving stream 
irrespective of their content of common chemicals. 
Empirical methods using a basis other than total 
acidity or alkalinity can be employed for the dis- 
charge from a given mine which varies only slightly 
in composition or from several mines if their dis- 
charge is approximately the same. An example of 
such an empirical method is the addition of lime to 
a mine discharge that is to be used for breaker 
water. Experience will show that a given quantity of 
lime per 1000 gal of water is required for a given 
pH or a given free acid in the breaker water, but 
the quantity per 1000 gal of water from a mine de- 
livering 10,000 ppm acid will not be the same as for 
one delivering a water of 200 ppm. 

Another method of evaluation frequently used is 
the sulfate content of the water. Such a method is of 
value in some cases where the resultant hardness of 
the receiving stream is a factor. However, the sulfate 


content may be very high in a mine water that is 
alkaline as well as in one that is highly acid. This is 
readily apparent by analysis of a sample of acid 
water after the acidity has been determined by 
titration with sodium hydroxide. The sulfate content 
will not change by the neutralization. This is en- 
tirely comparable to the neutralization that occurs in 
a stream over a given period of time or distance of 
flow. 

It is believed, therefore, that the one factor most 
valuable in determining the quality of a mine water 
is total acidity or alkalinity as determined by titra- 
tion in hot solution to a phenolphthalein end point. 
PH indicates only qualitively the acidity or alkalin- 
ity of a highly buffered solution; it is variable de- 
pendent on the state of oxidation of the iron. Free 
acid determination is not only variable but has very 
little meaning in solutions containing only strong 
acids and their salts. It has no constant relationship 
to the total available acid or to the amount of alkali 
required for neutralization. It is believed by the 
author and his colleagues that use of a common 
method of evaluating the quality of mine water dis- 
charge will eliminate much misunderstanding con- 
cerning the effect and control of mine acid. 


Discussion of this paper ‘sent (2 copies) to AIME before March 
31, 1957, will be published in Mrninc Encrveerrne. 


Fluorine in Western Coals 


by Harold R. Bradford 


E XPANSION initiated during and after the war 
has placed industrial plants in new areas and 
increased reduction and manufacturing facilities in 
communities already established. With added ex- 
pansion interest has grown in possible area con- 
tamination from waste products. Evolved flue waste 
contains many chemical contaminants that may or 
may not cause concern; however, atmospheric pol- 
lution has always been a problem to industrial 
communities. For some time effects attributed to 
small quantities of compounds of fluorine in various 
waste gases have been studied by industrial, medi- 
cal, agricultural, and associated interests.*” 

Aside from an article by Churchill, Rowley, and 
Martin in 1948," little has been published on the 
subject of fluorine in coal except by foreign in- 
vestigators. 

The first indication of fluorine compounds in coal 
was noted in England in 1934 by R. Lessing,** who 
found that the presence of fluorine in Midland and 
West County coals was definitely established by 
etching of glass and by severe corrosion of porcelain 
fillings in a gas works scrubber. 
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Etching of glass in a direct contact annealing kiln 
initiated research, and in 1944 four papers were 
published by H. E. Crossley,** giving results of in- 
vestigations of fluorine in coal of England by the 
Fuel Research Board, Department of Scientific and 
Industrial Research. These investigations studied 
methods of determining fluorine, the quantities 
present in various coal deposits, the geographical 
distribution of fluorine in British coals, occurrence 
of fluorine in minerals associated with coal, amounts 
of fluorine compared to other constituents of coal, 
the nature of fluorine compounds, and industrial 
significance of fluorine in coal. 

It was shown that British coals contain from 5 
to 200 ppm of fluorine, which is probably present 
as fluorapatite [Ca,F.(PO,).], often written as 
[3Ca,P.O,.CaF,]. The fluorapatite is intimately as- 
sociated with shale in some coals and can often be 
separated from these coals along with the shales. 

H. E. Crossley*® also reported no correlation be- 
tween the amounts of chlorine, sulfur, or ash and 
the amount of fluorine in different coals. He found, 
however, a relationship between the content of 
fluorine and phosporus in many British coals. Thus 
it should be possible to anticipate likely fluorine- 
rich coals from existing data giving phosphorus con- 
tent. Behavior of the fluorine compounds of coal 
was compared with that of 12 fluoride-phosphate 
minerals in sink-float separations and solvent ex- 
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Table |. Fluorine Retained in Samples of Western Coals at Different 
Burning Temperatures 


Coal Sample 


Fluorine in dry coal fired 
by oxygen bomb, ppm, 
dry coal 

Fluorine in ash from coal 
ashed at 475°C with CaO 
added, ppm, dry coal 

Fluorine in ash from coal 
ashed at 475°C with no 
CaO added, ppm, dry 
coal 

Fluorine in ash from coal 
ignited at 800°C to ash, 
ppm, dry coal 

Phosphorus, pct, dry coal 

Ratio of phosphorus to 
fluorine in dry coal 


tractions. Crossley’s investigations showed no evi- 
dence against the idea that phosphorus and fluorine 
in coal occur in combination. 

For many years the U. S. Bureau of Mines has en- 
gaged in fuel combustion research in related studies 
of explosive or dust-laden mine atmospheres* and 
air pollution. Additional studies of rare and un- 
common elements in coal have made considerable 
data available.” However, the USBM has no data 
on fluorine content of American coals. 

Phosphorus is a common constituent of U. S. 
coals. Because coals low in phosphorus are required 
for making metallurgical coke, the fluorine content 
is probably kept lower in coal used for metallurgical 
coke processing. 

The USBM indicates that although phosphorus 
can sometimes be lowered by washing methods, a 
number of coals examined could not be reduced ap- 
preciably by washing because phosphorus was as- 
sociated with clean coal rather than impurities. It 
would be interesting tc know how fluorine content 
varied with phosphorus content in these investiga- 
tions. 

The possibility of vegetation damage by coal com- 
bustion gases containing fluorine was presented by 
Churchill, Rowley, and Martin in 1948.* Their ar- 
ticle reports fluorine content of some U. S. coals 
as follows: 1) A western Pennsylvania coal, 85 
ppm; 2) an Illinois coal, 167 ppm; 3) four Utah 
coals, 145 to 295 ppm; 4) two unknown Western 
coals, 195 to 240 ppm. 

Investigators in India (1951) show that estima- 
tion of a coal seam from Jogta colliery, Jharia field, 
ranges from 0.0316 to 0.1208 pct fluorine with aver- 
ages of 0.0659 pct fluorine content and 0.3737 pct 
phosphorus content. Their study suggests that phos- 
phorus may occur in coal either as a part of the in- 
organic constituent or in the organic form as a part 
of the organic coal substance. The phosphorus is 
generally believed to be present as salts of phos- 
phoric acid, chiefly of orthophosphoric acid (apa- 
tite). Fluorapatite is a form of apatite occurring in 
rocks and mineral matter of India coals and is 
mainly derived from the associated rocks during drift 
deposition." The fluorine reported in the India coal 
is much higher than any other coal reported to date. 


Fluorine Analysis of Western Coals 
In addition to its complex organic makeup, coal 
contains a number of inorganic compounds. Deter- 
mining fluorine in microquantities requires careful 
selection of the method for analysis. 
Fluorine Determination on Raw Coal Samples: 
The calorimeter oxygen bomb has proved satis- 
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factory as a means for decomposition of the organic 
matter of coal without loss. It is quick, but only 
1 g of coal may be used in each ignition. However, 
for samples very low in fluorine compounds, the 
washings from two or more ignitions may be com- 
bined. 

Products of bomb decomposition are carried 
through established distillation procedure in the 
presence of perchloric acid,”” with eventual titra- 
tion by standard thorium nitrate solution using 
chrome azurol S as indicator. The usual precautions 
are taken to see that interfering ions are removed 
during the procedure. Fluorine content of the com- 
pounds in coal is reported as parts per million on 
the dry coal basis. 

Fluorine Determination of Ashed Coal Samples: 
Coal ash is fused with sodium hydroxide in nickel 
crucibles.““ The cooled melt is dissolved in warm 
distilled water and carried through the established 
distillation procedure mentioned above. Fluorine 
content is reported as parts per million on the dry 
coal basis. 

Phosphorus Determination: Phosphorus content is 
determined by the method given by the American 
Society for Testing Materials” and is reported as 
percent phosphorus in dry coal. 

Discussion 

Table I gives values obtained for six different 
western coals used in Utah. Experiments were con- 
ducted at the Utah Engineering Experiment Sta- 
tion to determine the fluorine retained in each 
sample at different burning temperatures. 

It will be noted that part of the fluorine, but not 
all, is eliminated during combustion. Higher tem- 
peratures during combustion result in greater fluo- 
rine elimination. 

The sample having greatest fluorine content has 
highest phosphorus assay, but the one having lowest 
fluorine is not lowest in phosphorus. Tests on only 
the six western coals show that three are not con- 
stant in their phosphorus to fluorine ratio. Tests on 
British coals have indicated that phosphorus and 
fluorine content generally show correlation.” 
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a 1 2 3 4 5 6 

53 99 45 132 40 57 

43 94 38 116 34 54 

31 80 15 85 23 39 

11 43 7 27 4 15 
0.010 0.007 0.009 0.018 0.008 0.005 ; 
1.9 0.7 2.0 14 2.0 0.9 ; 


EARCH for a consistent theory to explain the 
relationship between energy input and size re- 
duction in a comminution process has accumulated, 
over the years, an enormous amount of plant and 
laboratory data. Although some correlation of these 
data has been possible for purposes of engineering 
design and for the advancement of research in frac- 
ture, there is still great need of a means of predict- 
ing behaviour of a solid when it is reduced in size 
by mechanical forces. 

The best known hypotheses proposed to describe 
the energy-size reduction relationships in crushing 
and grinding stem from a common origin. The pres- 
ent article analyzes problems of comminution in the 
light of the precepts of this origin. Its object is to 
reconcile points of difference between these well 
known hypotheses and to present relationships more 
widely applicable to comminution studies. 

Theoretical Considerations: Most existing relation- 
ships between energy and size reduction of a brittle 
solid stem from a single, simple, empirical proposi- 
tion.’ Although this proposition can be demonstrated 
by observation and experiment, no theoretical deri- 
vation is yet possible. Mathematically, the proposi- 
tion may be stated as follows: 


dE = —C dx/z" [1] 


where dE = infinitesimal energy change, C = a con- 
stant, dx = infinitesimal size change, x = object size, 
and n = a constant. Eq. 1 states that the energy re- 
quired to make a small change in the size of an 
object is proportional to the size change and in- 
versely proportional to the object size to some power 
n. No stipulations are placed on the exponent n in 
either magnitude or sign. 

In 1867 Rittinger’ postulated that the energy re- 
quired for size reduction of a solid would be pro- 
portional to the new surface area created during the 
size reduction. As far as can be determined there is 
as yet no physical basis for Rittinger’s hypothesis. 
Rittinger’s hypothesis can be stated mathematically 
as follows: 


E, = K(o,—«,) [2] 
E, = energy input per unit volume, K = a constant, 
o, = initial specific surface, and o, = final specific 
surface. 
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Energy-Size Reduction 


Relationships in Comminution 


by R. J. Charles 


In the size reduction of particles of size x, to par- 
ticles of another smaller size, x,, Eq. 2 becomes the 
well known relation: 


, = K’ (1/x,—1/z,) [3] 


where K’ is a constant. 

Eq. 3 may be arrived at from the proposition 
given in Eq. 1 by integrating and by assigning a 
value of 2 to the exponent n. 


f dE = f —C da/x* 


E, = K’ (1/x.—1/x,) where K’ = C. 


In 1885 Kick* proposed the theory that equivalent 
amounts of energy should result in equivalent geo- 
metrical changes in the sizes of the pieces of a solid. 
For example, if one unit of energy reduced a num- 
ber of equal-sized particles to particles of one half 
the size, then the same amount of energy applied to 
the particles resulting from the first test should re- 
sult again in a size reduction of one half or a final 
size one quarter the original size. The Kick concept 
may be expressed as follows: 


E, = K” log x,/z, [4] 


K” =a constant and E, = energy per unit volume. 

The expression for Kick’s law may be arrived at 
by again integrating Eq. 1 and in this case assigning 
a value of 1 to the exponent n. 


E, In (x,/22) 
= K” log (x,/x.) where K” = 2.3C. 


Application of Kick’s and Rittinger’s laws to com- 
minution has met with varied success. Gross and 
Zimmerley‘ and Piret’ have shown that Rittinger’s 
equation applies under certain conditions of experi- 
mentation. Walker and Shaw’ express the belief that 
in metal turning and shaping and in grinding of 
both metals and minerals the production of very 
fine particles (less than ly) follows Kick’s hypo- 
thesis, whereas Rittinger’s concept is valid for the 
size reduction cf coarse particles. For the practical 
case of crushing and grinding, however, neither of 
the above hypotheses has received general accept- 
ance. 

Bond’ has lately proposed that since neither Kick’s 
nor Rittinger’s hypotheses seem correct for plant 
design work, an energy-size reduction relationship 
somewhere between the two would be more appli- 
cable. The fundamental statement of Bond’s work 
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index equation is derived from Eq. 1 by considering 
the exponent n to have a value equal to the arith- 
metic average of 1 and 2, i.e., 1.5. Thus, 


E, = K” (1/\/x,— 


where = 2C. 
Bond considers the total work, W,, required to break 
material from theoretically infinite size to a size 
modulus,* P, which is the 80 pct passing size on a 


* In this work the size modulus of an assembly of particles refers 
to a size such that, theoretically or 4° a specified weight frac- 
tion of the particles in the assembly will be smaller than this size. 


screen analysis plot. Therefore: 
E, = W, = K”” (1/VP — 1/a) 
W, = K” (1/yP). [5] 


Experimental verification of the above relation- 
ships between energy and size reduction has been 
difficult. In the first place it is experimentally im- 
possible to break particles of one uniform size to 
particles of a smaller and still uniform size as de- 
manded by the equations. It is also impossible to 
describe accurately the weight relationships of sizes 
in a given product by a single number since, for a 
given size modulus, there are theoretically an in- 
finite number of size distributions to which that 
modulus may pertain. Further, the energies required 
to produce each of these size distributions from a 
given size will be different. At least two independent 
numbers are required to characterize a specific size 
distribution. In the simplest case one number may 
establish the limits of particle sizes involved and 
another may determine the weight relationships in 
the various size ranges. An illustration of the use 
of two numbers to characterize size distribution is 
given by Schuhmann’ as follows: 


y = 100(x/k)* [6] 


where y = weight percent finer than size xz, x= 
size, k = size modulus (a constant) for a given size 
distribution, and a = a constant. 

In the above equation, which describes the size 
relationships of many naturally broken homo- 
geneous materials, k is the size modulus and de- 
notes the theoretical maximum-sized particles in 
the assembly, and a is a constant determining the 
weight relationship of the particles of various sizes. 
A log-log plot of Eq. 6 yields a straight line of slope 
a, which intersects the 100 pct ordinate line at a 
SIZE Xnarimum CQual to k. Size distribution plots, to 
which the above equation is applied, generally show 
deviation from linearity at coarse sizes, but usually 
this deviation does not detract from the usefulness 
of the equation. Although the Schuhmann Equa- 
tion is empirical, the correctness with which it often 
describes naturally produced size distributions 
leads to the belief that a derivation of the equation, 
based on fundamental knowledge and principles of 
fracture, should be possible. 

A second difficulty in verifying the energy-size 
reduction relationships given previously is met in 
the attempt to define the energy actually causing 
fracture and size reduction as well as the other 
forms of energy present during the process. Since 
fracture in brittle materials is dependent on strain 
energy of elastic deformation, it seems logical that 
this is the energy to be related to size reduction. 
Strain energy absorbed by an object when subjected 
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to slow compression is relatively easy to measure. 
Strain energy absorbed by an object when sub- 
jected to impact is, however, very difficult to meas- 
ure since energy forms due to translatory motion, 
vibratory motion, plastic deformation of restraining 
and impacting masses, and sound must be taken 
into account, In most crushing and grinding proc- 
esses analysis of these processes is complicated, 
since impact plays a major part. There is reason to 
believe that the transfer of energy to strain energy 
of an object by elastic impact and the loss of energy 
by inelastic impact is dependent mainly on the 
geometry and masses of the impacting objects and 
not on the initial impact energy. For inelastic im- 
pact this should be certainly the case, as may be 
shown by consideration of the Law of Conservation 
of Momentum, i.e.: 


MV, = [7] 
wmv +e [8] 
where m, = impacting mass, m, = sum of impacting 
and impacted masses, E, = initial impact energy, 
and e = loss of energy due to impact. 

By rearrangement 


e/E, = (1 — ™,/m,) [9] 
and for constant ratio of m,/m, 
e/E, = a constant. 


E, = em v* = 


[10] 


For elastic impact such a simple analysis as is given 
above cannot be made, for the momentum of com- 
plicated forms of traveling elastic waves must be 
considered. It has been shown,”” however, that in 
impact of a simple elastic system the maximum 
fraction of kinetic energy absorbed as strain energy 
is dependent mainly on the geometry of the system 
and only slightly on the total initial impact energy. 
Thus, in a specific crushing or grinding system, the 
useful energy in size reduction should be a constant 
fraction of the input energy. For a grinding mill if 
the number of revolutions of the mill are doubled, 
then the energy useful in comminution is doubled. 
Similarly in fracture by high velocity impact if the 
energy of the projectile is doubled, then the energy 
useful to fracture is doubled, and in dropping 
weight devices if the height of drop is doubled, the 
energy useful to breakage of the specimen is 
doubled. It is to be expected, from the above rule, 
that there will be simple, understandable results 
from a specific comminuting apparatus, but the rule 
also shows that there will be difficulty in correlat- 
ing results obtained from one machine with those 
obtained from another machine with different im- 
pacting mechanisms. With respect to the last state- 
ment, the conclusion must be drawn that the grind- 
ability (amount of material reduced to a certain size 
per unit of input energy) is dependent not only on 
physical characteristics of the material but also on 


‘the manner in which size reduction is achieved. 


A third difficulty in establishing energy-size re- 
duction relationships arises from the fact that each 
of the relationships given implies that the exponent 
n in Eq. 1 is a universal constant which is inde- 
pendent of the mechanisms of size reduction and 
independent of the amount of size reduction ac- 
complished. Kick assumes n to be equal to 1, Rit- 
tinger assumes it to be equal to 2, and Bond assumes 
it to be the average equal to 1.5. Data can be 
cited****" supporting all three hypotheses. To re- 
concile this inconsistency, it must be concluded that 
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n is not a constant but is a variable that depends on 
the material and the manner in which it is broken. 

It has been shown” that identical specimens of 
homogeneous materials can be broken down by 
various conditions of impact so that the mode of 
fracture, the characteristic particle shapes, the size 
reduction per unit of input energy, and the size dis- 
tributions obtained are entirely different. With 
these effects in mind it is to be expected that if 
Eq. 1 is applied to these crushing experiments, then 
both the constants C and n which would be applic- 
able in one case may not have the same values 
when applied to other cases. It would also be ex- 
pected that n would vary continuously with the 
conditions of size reduction and not necessarily be 
required to have specific values such as 1, 2, or 1.5. 

In most investigations, if results of a crushing or 
grinding test did not agree with one of the three 
hypotheses given above, no method was available 
whereby the actual experimental value of n could 
be calculated. The present work illustrates a general 
method whereby the exponent n and the coefficient 
C in Eq. 1 may be calculated for any crushing or 
grinding test. The method has been applied suc- 
cessfully to the results from specific experiments, 
and a procedure is presented whereby the energy- 
size reduction relationships for most materials and 
means of comminution may be estimated from a 
single size distribution plot. 

Derivation of the General Energy-Size Reduction 
Relationship: Size distribution of any ground or 
crushed product may be described by the following 
general equation: 


y = f(x) [11] 


where y = weight percent finer than size x, x = size, 
and f = known function. Fig. 1 is a plot of a size dis- 
tribution which is described by Eq. 11. When Eqs. 
1 and 11 are combined, the energy required to re- 
duce an element of weight of material, dy, from 
size x,, to size x would be: 

dE, = f — C dx,/x" (dy). [12] 


The total energy required to reduce a weight of 
material of size x,, to the size distribution given by 
y f(x) is then the summation for all elements of 
weight of material, dy, from zero to 100 pct. Thus 


E-ff dE, dy 


dy = dx 


or since 


[13] 


where f' denotes the first derivative of the function 
f(x), then, 


E = f fc dx /x") (f(x) dx). 


[14] 


If the function y = f(x) is known either graphically 
or analytically, then Eq. 14 can be integrated and 
the energy, E, given in terms of a number of known 
boundary conditions and two unknown constants 
n and C. If results can be obtained for two crush- 
ing and grinding experiments in which the energy 
inputs and resulting size distributions are measured, 
then Eq. 14 can be solved for both C and n. One 
stipulation is made, however, regarding the two size 
distributions: the shapes of the size distribution 
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curves remain constant and suffer only a lateral 
translation on a size distribution graph with change 
in energy input. No severe limitation is placed on 
experimental work by this stipulation, for the re- 
sults from comminution tests show that for a given 
material and for a given means of size reduction the 
resulting size distribution curve generally changes 
little in shape and is only translated bodily by 
changes in energy input.” “ 

Derivation of the Energy-Size Reduction Relation- 
ships for a Specific Type of Size Distribution: It has 
been observed that the Schuhmann Equation, de- 
scribed previously, holds for the important sections 
of a large number of experimental size distribu- 
tions. This equation has been combined with Eq. 1 
by the above procedure and yields the following: 


(—cazyz*) (dy) 


and in this case 
y = 100(x/k)* 


100 « 
dy = 


k* 


and 


a | dx. 


Therefore, 


E= fie dx /x*) ( x dz) 


[ k* 
(n—1)k* La—n+1 


x 
a—n+1 ax” 
For naturally broken materials following the Schuh- 
mann distribution x, > 0. Thus: 
Ca [ | 
E= |}. 
a—-n+1 ax” 


[15] 


n—1 


If x, is large compared to k, which is generally the 
case, then, 
E = 
(n—1) (a—-n+1) 

Eq. 16, when plotted on log-log paper for a specific 
case where a, n, and C are constant, yields a straight 
line of slope equal to (1 — n). Thus if a number of 
crushing or grinding experiments are made and the 
size distributions follow the Schuhmann Equation, 
a log-log plot of E vs k should allow the determina- 
tion of n, the important exponent in the basic 
energy-size reduction equation. The validity of the 
theory will depend on whether or not such straight 
lines are obtained from experimental results. 

It is of considerable interest to note that, although 
Eq. 1 places no limitations in magnitude or sign on 
the values of n, Eq. 16 can be real only if n is greater 
than 1 and less than (a + 1), ie.: 


l<n<(a+1). [17] 


For observed size distributions, a can be as high as 
about 1.5 and is usually about 0.8. Therefore, the 
values n may take, according to Eq. 16, are limited 
to the range of 1 to about 2.5. It is interesting that 
this range covers, and just barely covers, the values 
for n that have been chosen empirically by previous 
investigators. 


[16] 
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y= F(x) 


dx dx, 


| 
| 
x SiZE Xm 


Fig. 1—Size distribution graph. 


In the above derivation it has been assumed, for 
convenience, that the material broken was of uni- 
form size, x,. The derivation is equally simple if 
the original material is considered to have a dis- 
tribution of sizes. The exact form of the energy-size 
reduction equation obtained in this case is somewhat 
different from Eq. 15 but calculations have shown 
that for the normal size reduction met in comminu- 
tion systems the exact form reduces, by approxi- 
mation, to Eq. 16. 


Experimental Results 

Measurement of Values for the Exponent n: A. 
Dropping Weight and Projectile Impact Tests: In a 
previous work” impact tests at high and low velocity 
were made on similar specimens of pyrex glass. The 
high velocity tests were carried out by firing a mild 
steel projectile weighing about 12 g from an air gun 
at cylindrical glass specimens 2x1% in. Low velocity 
impact tests were made on similar specimens by 
means of a mild steel dropping hammer weighing 
about 3.7 kg. Fig. 2 shows the size distributions of 
the resulting products from these tests as a function 
of the impacting energy. The size distributions re- 
sulting from these tests can all be well described by 
the Schuhmann Equation. It is seen, however, that 
although the size distribution lines for one type of 
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Fig. 3—Energy-size reduction graph for impact of glass cyl- 
inders. 
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Fig. 2—Size distributions of fractured glass cylinders as a 
function of impact energy, kilogram-centimeters. 


impact are of constant slope the other type of im- 
pact results in size distributions of a different slope. 
It is also seen that although fracture took place at 
high impact velocity at an energy of 50 kg-cm, no 
consistent fracture of the specimens took place at 
low impact velocity until the impact energy was 
raised to the value of 170 kg-cm. These effects are 
supporting evidence for the statement made in the 
introduction concerning the dependency of grind- 
ability on not only the material being broken but 
also on the means of breakage. In accordance with 
Eq. 16 a log-log plot has been made in Fig. 3 of the 
k values of the distributions in Fig. 2 vs the impact 
energies. 

The straight lines resulting in Fig. 3 are what 
would be expected from the energy-size reduction 
relationship as given by Eq. 16 in the introduction 
and thus may be considered as evidence that sup- 
ports the validity of this relationship. It is also seen, 
as expected, that the values of the exponent n are 
different for the different size reduction conditions. 
For high velocity impact n has a value of 2.38, while 
for low velocity impact n is 2.07. According to Eq. 
17 the values of n should be less than the slopes of 
the respective size distribution lines plus one. Such 
is the case for both types of experiments, although 
the differences between the respective n and (a + 
1) values are small and probably of the order of 
accuracy by which any of the values can be deter- 
mined. It seems likely, however, that no violation 
of Eq. 17 has been shown by these results. 

B. Pendulum Impact Tests (Frictionless Crusher): 
Hukki™“ has presented experimental work on the 
size reduction of a number of minerals by means of 
an apparatus called the Frictionless Crusher. Re- 
sults from this work are well suited to analysis 
along the lines outlined in the introduction of this 
investigation, since the size reduction of these min- 
erals has been given in relation to energy input 
from constant mechanical conditions. Some of the 
results from Hukki’s work on the minerals quartz, 
fluorite, coal, salt, and galena are reproduced in 
Figs. 4 and 5 and show the size distributions re- 
sulting from impact of lumps of these minerals at 
various levels of impact energy by the frictionless 
crusher. These size distributions are well described, 
in general, by the Schuhmann Equation. Figs. 6 and 
7 are log-log plots of energy input to the crusher 
vs the size moduli of the crushed materials. As is 
shown, the points in these graphs fit well onto 
straight lines, and thus values of n, the exponent in 
the energy-size reduction equation, may be calcu- 
lated for the results of the crushing experiments. 
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Fig. 4—Size distribution graphs for quartz, fluorite, and coal as a function of impact energy in kilogram-centimeters per 


cubic centimeters. After Hukki. 


These n values, which range from 1.75 to 2.0, are 
included on the figures. 

C. Rod Mill Grind Tests: Fig. 8 shows the size 
distributions resulting from grind tests of quartz 
(—% in. + 6 mesh) and of cement rock (—% in. 
+ 6 mesh) for various numbers of revolutions in a 
laboratory rod mill. The rod mill, of stainless steel, 
was 10 in. diam and 12 in. long and turned at 54 
rpm. Lifter bars were attached inside the mill to 
prevent slipping of the grinding charge. All tests 
were made wet at 60 pct solids. 

Size distributions from these tests, when plotted 
logarithmically, may be described by straight lines, 
the slopes of which are shown in Fig. 8. Fig. 9 
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Fig. 6—Energy-size reduction graph for quartz fluorite and 
coal. 
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shows log-log plots of energy input (proportional to 
the number of revolutions) and the size moduli of 
the different grinds. The points fall on straight lines 
and allow calculations of n values for the basic 
energy-size reduction equation (Eq. 16). The n 
values are 1.90 for quartz and 1.32 for cement rock. 

D. Ball Mill Tests: Fig. 10 shows the results of 
ball mill grinding of quartz (—% in. +6 mesh) 
with similar equipment and under the same condi- 
tions as given for the rod mill tests. A log-log plot 
of energy input (proportional to the time of grind) 
vs size moduli is included in Fig. 10. The log E— 
log k curve is a straight line and the calculated 
value of n is 1.86. 
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Fig. 7—Energy-size reduction graph for salt and galena. 
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Fig. 5—Size distributions of salt and galena as a function of impact energy in kilogram-centimeters per cubic centimeter. 


Further ball mill tests were made for prolonged 
periods of time so that very fine grinds were ob- 
tained. Owing to the lack of a precise fine sizing 
method, the size distributions of these grinds were 
not determined. It was possible, however, by means 
of the B.E.T. krypton gas adsorption method, to 
determine the specific surfaces of the resulting 
products and thus determine the new surface 
created during the grinds. Fig. 11 is a plot of grind- 
ing time vs new surface produced for the grinding 
of quartz (—% in. + 6 mesh). Included in Fig. 11 
are surface area measurements of the 15-min and 
7.5-min grinds for which the size distributions have 
been shown in Fig. 10. Fig. 11 shows a straight line 
logarithmic relationship between the time of grind 
and the new surface produced. It can be shown that 
for a family of size distributions that follow the 
Schuhmann Equation (with the constant a fixed) 
the specific surface of a size distribution is inversely 
proportional to the size modulus, k, of that size dis- 
tribution. Thus if the size distributions of the quartz 
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Fig. 8—Size distributions of rod-mill ground quartz and 
cement rock as a function of number of revolutions of mill. 
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grinds remain of the same shape and are reduced 
bodily by increase in grinding time, it would be ex- 
pected that a log-log plot of grinding time and the 
reciprocal of the specific surface should result in a 
straight line of the same slope as the line given in 
Fig. 10 for the coarse grinding tests on the same 
material. This plot has been included in Fig. 11 and 
indeed shows a straight line of essentially the same 
slope (—0.88 as compared to —0.86) as that given 
in Fig. 10 and thus the n value calculated by means 
of surface area measurements for the fine grinding 
of quartz yields the same n value as that calculated 
from the size distributions of relatively coarsely 
ground quartz. As mentioned previously, there is 
good evidence to show that in a batch grinding mill 
the feed material is quickly reduced to a certain 
equilibrium type of size distribution and further 
grinding shifts the size distribution bodily to finer 
sizes without change in shape.” Present results on 
the grinding of quartz indicate that each unit of 
energy input shifts the size distribution a specific 
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Fig. 9—Energy-size reduction graph for rod mill grinds of 
quartz and of cement rock. 
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Fig. 10—Size distribution and energy-size reduction graphs 
for ball mill grind tests of quartz. 


amount in the finer direction. Thus it must be con- 
cluded that even for the large range of grinding 
times (approximately 130 fold) for the ball mill 
tests on quartz the energy-size reduction relation- 
ship remains constant and the size reduction mech- 
anisms themselves also remain constant. 

The average n value calculated for the quartz ball 
mill tests is 1.87. This value more closely ap- 
proaches Rittinger’s value (2.0) than either Bond’s 
(1.5) or Kick’s (1.0). 

To illustrate that for certain materials and under 
ball mill grinding conditions the n value may be 
considerably greater than 2.0, the following results 
calculated from measurements made by Bloecher™ 
are given. To determine the limits of usefulness of 
the krypton gas adsorption method (a modification 
of the B.E.T. method) for surface area determina- 
tions, Bloecher made specific surface measurements 
of monazite sands that had been ground in a ball 
mill for extended periods of time. Results of his 
work are illustrated in Fig. 11 by the plot of specific 
surface area vs grind time. Following the same 


32 


procedure used in the case of the quartz grind tests 
the reciprocals of the specific area determinations 
have been plotted, in the same figure, vs the grind 
time. On the log-log plot a straight line of slope 
—1.2 is obtained. This slope is equal to (1—n) and 
therefore n equals 2.2 for the monazite tests. Un- 
fortunately, no data were available for the size dis- 
tributions of the ground monazite. 

Interrelations of a and n: In the general energy- 
size reduction equation (Eq. 16) there is no reason 
to expect the exponents a and n (a, the slope of the 
log-log plot of the Schuhmann Equation and n, one 
minus the slope of the log-log plot of energy input 
vs size reduction) to be dependent on one another 
except for the condition that n must have a value 
somewhere between 1 and (a +1). Yet in prac- 
tically all the experimental cases cited as support- 
ing evidence for the validity of Eq. 16 the value of 
the term (a--n+1) is just slightly greater than 
zero regardless of what range of values a and n 
take. Table I summarizes the results from all the 
experimental tests and gives the estimated value of 
the term (a—n-+1) for each test. 

Table I shows that except for the impact crushing 
of galena, salt, and perhaps coal, the values of the 
term (a—n-+1) are small and are probably of the 
possible order of accuracy in the determination of a 
and n. Examination of Eq. 16 and the subsequent 
graphs shows that for given grinding or crushing 
conditions a relatively small change in the size 
modulus, k, will be obtained, per unit of input en- 
ergy, if n is large and vice versa if n is small. For 
the hard, brittle materials the experimental values 
of n approach the maximum allowed by Eq. 17, i.e., 
(a + 1), and thus the least possible change in size 
moduli of these materials occurs per unit of input 
energy. For the structurally weak materials, and 
especially those exhibiting excellent two directional 
cleavage, i.e., rock salt and galena, the experimental 
values of n are considerably less than the maximum 
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Fig. 11—New surface produced and reciprocal of new surface produced vs grind time for ball mill tests on quartz and monazite. 
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Table |. Summary of Results 


Testing Means Material 


Impact Pyrex 
thigh velocity) glass 1.40 
Impact Pyrex 
(low velocity) glass 1.09 
Impact (friction- 
less crusher) Quartz 0.93 
Fluorite 1.01 
Coal 1.00 
Salt (NaCl) 1.17 
Galena 1.00 
Rod mill grinds Quartz 0.91 
Cement rock 0.35 
Ball mill grinds Quartz 0.91 
Quartz 
Monazite - 


Data Calculated 
n From 


Size distributions 


Approximate 0.02 


Size distributions 
Size distributions 


Approximate 0.02 


Approximate 0.05 
Approximate 0.02 
Approximate 0. 
Approximate 0. 
Approximate 0. 
Approximate 0. 

0. 

0. 


Size distributions 
Size distributions 
Size distributions 
Size distributions 
Size distributions 
Approximate Size distributions 
Approximate Size distributions 
— Surface area 
measurements 
Surface area 
measurements 


P 
& & 


allowed. Thus greater changes in size moduli of 
these materials occur per unit of input energy than 
would be the case if the n and corresponding (a +1) 
values were nearly equal to one another. 


Although there appears to be some very funda- 
mental reason why the term (a — n + 1) approaches 
zero for hard, brittle materials and shows a rela- 
tively large positive value for materials of excellent 
cleavage, no acceptable explanation can be given at 
this time. Use may be made, however, of the fact 
that (a —n-+ 1) for hard, brittle materials tends to 
approach zero in a comminution system. If the size 
distribution or new surface area resulting from a 
single crushing or grinding test of known energy 
input is known, it is possible, by assigning the value 
of the exponent n in Eq. 16 equal to the slope of the 
log-log size distribution plot plus one, to predict the 
energy required to produce any size reduction or 
production of surface area obtained by similar com- 
minution means. This procedure should be of value 
in laboratory crushing and grinding tests where the 
results are to be applied to the prediction of full- 
scale plant operation. For example, a rod mill test 
was made in the laboratories on a feldspar rock for 
100 revolutions at 60 pct solids. The plotied size 
distribution of the product (14 pct—200 mesh) 
showed a slope value (a) of 0.68, and thus n was 
estimated at 1.68, ie, (a +1). By Eq. 16 it was 
calculated that a test for 200 revolutions should 
give a product of 30 pct — 200 mesh and a test for 
300 revolutions should give a product of 46 pct — 
200 mesh. When the tests were performed, the re- 
spective product analyses were 31 pct and 47 pct — 
200 mesh. Differences between these experimental 
and calculated values are well within the limits of 
experimental error of sizing. 

Calculation of Proportionality Constant C: As 
mentioned in the previous section, the term 
(a—n-+1) in Eq. 16 tends to approach zero for 
most of the experimental tests. Its real value for a 
specific set of conditions cannot be determined with 
accuracy, and thus calculations of the constant C 
cannot be made with accuracy. Although C cannot 
be measured, the term 


( 


is constant for any specific set of crushing or grind- 
ing conditions and thus Eq. 16 may be expressed 
as follows: 


E=Ak*™ [18] 
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where A = 


and may be termed 
(n—1)(a—n-+1) 

a machine constant. A value of A can easily be cal- 
culated for any crushing or grinding test when the 
exponent n has been determined by methods out- 
lined previously. 


Summary and Conclusions 

The general differential equation relating energy 
and size reduction of brittle and semibrittle mate- 
rials has been discussed, and it has been shown that 
the Kick, Rittinger, and Bond hypotheses of com- 
minution may be derived as special cases of this 
general equation. The author contends that none of 
the above special cases holds true for all comminu- 
tion systems but that for every comminution proc- 
ess there is a form of the general equation which 
will relate the energy input to the system as a func- 
tion of the size reduction obtained. 

A method based on a mathematical derivation 
from the above differential equation has been out- 
lined by which the exact form of the equation re- 
lating energy input vs size reduction may be cal- 
culated from simple experimental tests. For mate- 
rials following the Schuhmann Equation for size 
distributions the form of the general energy-size 
reduction equation has been derived as follows: 


E = A ko 


where E = energy input, A =a constant, k = size 
modulus (measure of size reduction), and n=a 
constant. Procedures are outlined for determining 
the constants A and n for a specific comminution 
system. 

A number of experimental results from the 
crushing and grinding of minerals and ores have 
been cited to illustrate the validity of the above 
equation. Results from these tests show that n 
values in this general energy-size reduction rela- 
tionship were obtained within the range of 1.32 to 
2.4. Bond’s work index hypothesis denotes an n 
value of 1.5 and Rittinger’s hypothesis denotes an 
n value of 2.0, and since these values fall within the 
above range, it may be concluded that these hy- 
potheses are applicable to specific cases of crushing 
and grinding. Owing to the fairly wide range of 
values n may take, however, it is apparent that for 
a given design problem the exponent n, in the gen- 
eral energy-size reduction relation, should be deter- 
mined directly from experimental tests rather than 
approximated by either Bond’s or Rittinger’s hy- 
pothesis. 
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No experimental evidence has been obtained to 
show that Kick’s hypothesis is applicable to size 
reduction. If n approaches one, as demanded by 
Kick’s hypothesis, then for the general energy-size 
reduction equation outlined in this work the slope, a, 
of the resulting size distribution must approach 
zero, since n must be less than (a + 1). The general 
energy equation, at the limiting conditions, would 
then state that an infinite amount of energy would 
be required to reduce material to infinitely small 
size. Such a conclusion is not of much value. On the 
other hand, if n is slightly greater than one (and a 
correspondingly slightly greater than zero), the en- 
ergy equation would state that Kick’s hypothesis 
would be approximately valid for production of ex- 
tremely fine material. In some respects this conclu- 
sion is in agreement with the conclusion that 
Walker and Shaw’ obtained from experiments on 
surface grinding. 

Results from this investigation show that for 
hard, brittle materials that do not show exceptional 
cleavage the exponent n in the energy equation is 
so closely related to the slope a of the Schuhmann 
size distribution plot that 


(a—n+ 1) ~0 


No theoretical explanation of this relationship can 
be given at present, yet the relationship may be 
used to advantage in analyzing problems of com- 
minution. For any crushing or grinding apparatus a 
single size distribution determination and power 
measurement may furnish data by which the ex- 
ponent n and the coefficient A of the energy-size 
reduction equation may be estimated and the equa- 
tion defined. 
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Discussion 


Ultrasonic Desliming and Upgrading of Ores 


(Mrninc Encrineerinc, page 639, June 1956; AIME Trans., vol. 205) 


by} J. H. Brown 
D. W. Fuerstenau 


The paper by Professors Sun and Mitchell illustrates 
the value of ultrasonics as a tool for the mineral engi- 
neer. In particular, it opens up a number of possibilities 
to those interested in the field of comminution. The 
provision of desliming technique, which is thorough as 
well as rapid, is a distinct contribution, but the data of 
the paper suggest applications beyond desliming, in 
that the same treatments may be useful for size deter- 
mination purposes. 


Fig. 1 shows that a marked dependence exists be- 
tween particle size and the height to which it can be 
elevated by ultrasonic vibrations. While the curves are 
only extended down to a size of about 100 u, the fact 
that they appear to be increasing in slope in this range 
suggests that the separation may be even more marked 
here. This, we feel, is very strong evidence that a 
method for fine sizing could be developed to use ultra- 
sonic waves as the separating force. 


Professors Sun and Mitchell indicate that floccula- 
tion will present no difficulty: “During the investiga- 
tion it was found that ultrasonic waves were able to 
dislodge the adhering gangue particles from the min- 
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eral surfaces and to disintegrate the soft particles into 
fine sizes.” 

Thus, it appears that the use of ultrasonic waves as 
the power behind a size separation process may elimi- 
nate the problem of flocculation encountered in most 
wet sizing techniques. It would be interesting to size 
a fine material under conditions in which particles 
are known to be flocculated and under conditions 
where they are known to be dispersed. 

Use of a sizing technique of this nature may solve 
several problems that have long persisted in the fine 
sizing field. The flocculation problem may be over- 
come; the continuous production of closely sized frac- 
tions may be possible with a device similar to the one 
described; and with photoelectric methods, rapid an- 
alyses in the subsieve sizes may be possible. 

In general, we suggest that this paper be followed by 
a study of the sizing applications of the apparatus de- 
scribed. We feel that such a study would not only be 
rewarding in providing a new sizing technique, but 
also that the present paper almost requires such work 
to complete the picture of particle motion in a field of 
ultrasonic waves. 
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As Annual Meeting time draws 
near, members planning to attend 
are urged to make their reserva- 
tions for the big conclave in color- 
ful New Orleans. In addition to es- 
caping the cold northern climes to 
revel in the mild Louisiana weather, 
those attending will be treated to a 
broad and interesting technical pro- 
gram and wonderfully varied social 
activities, which include a dinner- 
dance aboard the S.S. President. 
February 24-28 will prove memo- 
rable dates (some field trips are 
scheduled for March Ist, too). 


The AIME meeting coincides with 
New Orleans’ carnival season which 
begins February 24, and ends with 
Mardi Gras. Guests have a choice of 
fascinating spots to visit in this city 
of old-world charm: the French 
Quarter; Versailles Oaks, an avenue 
of moss-hung trees planted in 1762; 
the Garden district where homes 
range architecturally from Greek 
revival to French, Spanish and Eng- 
lish; Pirates’ Alley; and Chalmette, 
where the battle of New Orleans 
was fought 15 days after peace was 
declared ending the War of 1812. 

Mining Branch sessions, meetings, 
and social events as well as the Wel- 
coming Luncheon and Annual Ban- 
quet will be held in various rooms 
at the Roosevelt Hotel. The MIED, 
which starts the ball rolling for the 
educators on Sunday, has chosen the 
Jung Hotel for their parleys, as has 
the Geology Division. 

Since the activity will begin on 
Sunday and continue until Friday 
when the field trips are planned, the 
meeting will be a full six-day event. 


E. STEIDLE 


Crystal Gazing at the 1957 Annual Meeting 


J. G. PARR 


Session Highlights 

Canadian and Latin American 
Sessions are on the mining and 
geology subdivision agendas. MBD 
is offering a symposium on Cyclones, 
and the MBD-IndMD joint session 
will be devoted to Dry Separation. 
IndMD’s special symposium will 
deal with Ultra-Lightweight Aggre- 
gates, and Geology has arranged a 
symposium on Recognition of Sedi- 
mentary Ore Deposits. 


Guest Speakers 


Among those slated for luncheon 
and dinner talks is James Gordon 
Parr, who will address the MBD 
Luncheon Thursday, February 28, on 
People, Petunias and Pyrite. On 
Tuesday, Edward Steidle will offer 
his Round the World Observations at 
the Coal Division Luncheon. The 
same evening at the Mining Branch 
Dinner, a talk by Felix E. Wormser 
will be featured. Joseph L. Gillson 
will give the Jackling Award lecture. 


Field Trips 


Two exciting field trips are 
planned in conjunction with the 
Annual Meeting. The tour to Inter- 
national Salt Co. and Avery Island 
Mine and Refinery is a full day’s trip 
from downtown New Orleans. Avery 
Island, which contains the first rock 
salt deposit found in the U. S., is 
about three mi from Vermillion 
Bay, 125 mi west of New Orleans. 
Discovered in 1862, its mining opera- 
tions were begun in 1869, and Inter- 
national began operating the mine 
in 1898. Visitors will see all phases 
of the mining operation: undercut- 
ting, drilling, blasting, loading, and 
crushing. In addition, they are in- 
vited to watch the preparation of a 


(Continued on page 101) 


1957 ANNUAL MEETING 
FIELD TRIPS—MINING SUBDIVSION 
THURSDAY, FEBRUARY 28 


1. International Salt Co. 
Avery Island Mine & Refinery 


Avery Island, La. 


Maximum number — 70 


Transportation by chartered bus 


THURSDAY, FEBRUARY 28 
and FRIDAY, MARCH 1 


(Friday trip open to all registrants at Annual Meeting) 


Port Sulphur and Grand Ecaille Operations 


Transportation by chartered bus (Courtesy Freeport Sulphur Co.) 


7:30 am Leave Rousevelt Hotel 
12:00 noon Luncheon at Avery Island 
6:00 pm Return Roosevelt Hotel 
2. Freeport Sulphur Co. 
Maximum number — 100 per day 
8:00 am Leave Roosevelt Hotel 
12:00 noon 


Return Roosevelt Hotel 


Barbecue Luncheon at Community Hall, Port Sulphur 
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Lehigh Valley members responsible for the successful meeting are, (left to right): D. S. Lyons, J. L. 
Rodda, A. T. Kaufman, C. G. Tebelman, R. M. Johnson, R. G. Peets, and W. McKewan. 


Northeastern Mining Branch Regional Meeting Draws 


Lehigh Valley Section members 
can take pride in the smooth running 
and highly worthwhile conclave that 
drew over 450 to Hershey, Pa., for 
the three-day Northeastern Regional 
Meeting in November. The broad 
technical program and social sched- 
ule mapped out were executed with 
attention to all details. 


Technical Sessions 

Geology, mining, industrial min- 
erals, beneficiation, and coal mining 
and preparation were among the 
topics covered in the four sessions. 
Thursday afternoon and Friday 
morning sessions served to provide 
the setting for operations in the area, 
with papers on the Grace, Friedens- 


A. F. Peterson, guest speaker at the Welcoming Luncheon, is congratulated by 
R. L. McCann, right, who introduced him to the gathering. 
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ville, and Cornwall mines, and two 
papers on anthracite operations. A 
related paper on the airborne mag- 
netometer was presented Thursday. 

On Friday afternoon and Saturday 
morning, the industrial minerals 
operators and beneficiation experts 
came into their own with a series of 
nine papers ranging from one on 
modern grinding plant design in the 
cement industry, to one on fine an- 
thracite beneficiation. (Complete 
program appeared in MINING ENGI- 
NEERING, September 1956 issue, pages 
933-934.) 

Field Trips 

Cornwall operations of Bethlehem 
Steel were the target for Friday 
trips. Visitors chose between an un- 
derground tour or a trip to the Leb- 
anon concentrator. Saturday’s geol- 
ogy trip included a stop at the Mil- 
lard Lime & Stone Co. Background 
papers for each of the trips, pro- 
vided in preceeding sessions, were 
further proof of the well-planned, in- 
tegrated program, as was the careful 
scheduling of sessions and field trips 
to avoid conflicts of interest. 


Social Events 


Hotel Hershey was the site for 
the social events which started off 
with an open cocktail party that took 
over the entire lobby on Thursday 
evening. Welcoming Luncheon 
speaker, A. F. Peterson, vice presi- 
dent of Bethlehem Steel Corp., gave 
registrants a glimpse into the future 
of their profession. He received a 
memorable introduction to the audi- 
ence by R. L. McCann, president of 
New Jersey Zinc Co. 


\ 


After an enjoyable Mining Branch Luncheon, the head table consented to a group picture. Left to right, 
Grover J. Holt, R. E. Kirk, R. B. Ladoo, N. L. Weiss, W. Mitchell, Jr., and E. Jones. 


Crowd to Hershey for Broad Technical Program 


At the Mining Branch Luncheon 
on Friday, the principal speaker, 
AIME President-Elect Grover Holt, 
was introduced by Mining Branch 
Council Chairman Will Mitchell, Jr. 
Winding up the lighter activities on 
Friday was a second get-together, a 
dinner and dance. 


Distaff Doings 


The ladies were not forgotten. 


Their tight schedule began with a 
coffee hour every morning, followed 
by special tours of local attractions, 
and a luncheon and fashion show at 
the Hershey Country Club on Friday. 


The People Who Did the Work 

General Conference Chairman W.B. 
Stephenson, and D. S. Lyons, Chair- 
man of the Lehigh Valley Section 
were in constant sight. Chairmen of 


the committees who worked actively 
included: activities and arrange- 
ments, B. J. Larpenteur; technical 
program, S. J. Shale; advance regis- 
tration, Arvid Anderson; budget and 
finance, R. W. Sleeman; publicity, 
B. H. Strom; ladies activities, Mrs. 
C. E. Taylor, Jr.; plant tours, M. 
Childs; social functions, W. S. Cum- 
ings; student activities, H. R. Gault; 
and registration, C. E. Taylor, Jr. 


The sumptuous lobby of Hotel Hershey was the scene of the first night cocktail party and mixer, a 
splendid success to which the picture above attests. 
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Mining Branch 
Annual Meeting Program 


(Data as of Dec. 1, 1956) 


Mining Subdivision 


MONDAY, FEBRUARY 25 


Shaft Sinking Session 


Roosevelt Hotel 

Harry B. Spencer, Chairman 

Long Raises at Homestake: Clarence N. Kravig, Home- 
stake Mining Co. 

Large Diameter Mine Shafts by Rotary Drilling: T. N. 
Williamson, Hughes Tool Co., and Victor Zeni, Coal 
State Construction Co. 

Circular Concrete Shafts: T. M. Berry, Dravo Corp. 


9:30 am Rex Room 


Southeastern U, S. Mining Session 
2:30 pm Roosevelt Hotel Rex Room 
Arnold A. Gustafson, Chairman 


Magnet Cove Barium Corp. Arkansas Operation: C. F. 
Talbot, Magnet Cove Barium Corp. 

Operation of All-Belt Haulage System at International 
Salt Co. Mine, Avery Island, La.: Erland Johnson, 
International Salt Co. 

Mining Methods in the East Texas Iron Ore Deposits: 
Vincent F. Malone, Lone Star Steel Co. 

Haulage Improvements in Tennessee Coal and Iron 
Mines: L. H. Johnson and other staff members, Ore, 
Mines & Quarries Co. 

Practical Aspects of Jet Drilling of Nepheline Syenite: 
T. M. Howell, Big Rock Stone & Material Co. 


TUESDAY, FEBRUARY 26 


Canadian Mining Session 


Roosevelt Hotel Grand Ballroom 
J. L. Ramsell, Chairman 
Caland Ore Co. Ltd. Dredging Operation at Steep Rock 
Lake: Phillip D. Pearson, Caland Ore Co. Ltd. 
Accident Prevention in Canadian Metal Mines: Neil H. 
7 og Quebec Metal Mine Accident Prevention 
ssn. 
Back Filling at Noranda: Francis E. Patton. Pamour 
Porcupine Mines Ltd. 
Mine Hoisting in Canada: Campbell M. Barrett, In- 
spector of Mines, Province of Ontario 


9:30 am 


Mining, Geology, and Geophysics 
Division Luncheon 
12:00 noon 


Cocktail Party 
6:00 pm 
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Mining Branch Annual Dinner 
7:00 pm Roosevelt Hotel Grand Ballroom 


WEDNESDAY, FEBRUARY 27 


All MGG Session | 


Roosevelt Hotel Grand Ballroom 
James K. Richardson, Chairman 
Uranium Utilization in Retrospect and Prospect: R. L. 
Doan, Phillips Petroleum Co. 
The New Crestmore Mine: R. H. Wightman, P. B. 
Nalle, and C. D. Chandler, Riverside Cement Co. 


All MGG Session II 
Roosevelt Hotel Grand Ballroom 
Roy P. Full, Chairman 
The Jackling Lecture: J. L. Gillson 


9:30 am 


2:00 pm 


Recent Developments in Geo-Chemical Exploration: 
T. S. Lovering. 


Minerals Beneficiation Division 


MONDAY, FEBRUARY 25 


Pyrolysis and Agglomeration 
Roosevelt Hotel Grand Ballroom 
Robert E. Powers, Chairman 
Downdraft Pellet Hardening: Alan English and M. F. 
Morgan, Arthur G. McKee & Co. 

The Updraft Process for Pelletizing Hematite Flotation 
Concentrates: L. J. Erck, Cleveland-Cliffs Iron Co. 
Lurgi-Pelletizing-Process, A Combination of Down and 
Updraft Operating: Dr. Kurt Meyer, Lurgi Co., 

Germany 


9:30 am 


Crushing and Grinding 

2:30 pm Roosevelt Hotel Grand Ballroom 
D. J. Drinkwater and C. Beech, Associate Chairmen 

Grinding Practice at the Tennessee Copper Company’s 
Isabella Mill: F. M. Lewis and J. E. Goodman, Ten- 
nessee Copper Co. 

Comminution Exposure Constant by the Third Theory: 
F. C. Bond, Allis-Chalmers Manufacturing Co. 

Rod Mill Experience in Grinding Magnetic Taconite 
Ore at Reserve Mining Company: A. S. Henderson 
and E. M. Furness, Reserve Mining Co. 

Energy-Size Reduction Relationships in Comminution: 
R. J. Charles, Genera) Electric Co. 


TUESDAY, FEBRUARY 26 


Scotch Breakfast 


Business Meeting of Division 
Mill Design 
10:00 am 


O. W. Walvoord and W. L. Howes, Associate Chairmen 

Foundations for Mill Construction on Clay and Perma- 
frost: E. H. Bronson 

Electrical Mill Design: C. B. Risler and W. E. Thomas 

Mill Operating Record and Accounts: Nathaniel Herz 

Factors to Consider in Vibrating Screen Installations: 
N. Kuenhold, W. S. Tyler Co. 


Cocktail Party 


9:30 am 


6:00 pm 


Mining Branch Annual Dinner 
7:00 pm Roosevelt Hote! Grand Ballroom 


WEDNESDAY, FEBRUARY 27 


Symposium—Cyclones for Wet 
Classification 


9:00 am Roosevelt Hotel Gold Room 
R. H. Lowe and F. D. DeVaney, Associate Chairmen 
Development of the Hydro-Cyclone: Stephen E. Erick- 

son, M. A. Hanna Co. 

Factors Influencing the Choice of a Cyclone for Wet 
Classification: E. C. Herkenhoff, Utah Construction 
Co. 

Compilation of Cyclone Operating Data: T. M. Morris, 
Missouri School of Mines 

The Use of Cyclones in the Grinding of Taconite: 
F. D. DeVaney, Pickands, Mather & Co. 

Cyclone Practice in Arizona: Russell Salter, Silver Bell 
Unit, American Smelting & Refining Co. 

Prepared Discussions of above papers by representa- 
tives of Equipment Engineers Inc., Dorr-Oliver Inc., 
and Heyl & Patterson Inc. 


Solids-Fluids Separation 
and 
Solution and Precipitation 
2:00 pm Roosevelt Hotel Gold Room 
W. S. Springer and B. S. Crocker, Associate Chairmen 

The Rotobelt Filter: C. F. Cornell, R. C. Emmett, and 
D. A. Dahlstrom, Eimco Corp. 

Recovery of Uranium from Uraniferous Lignites: E. S. 
Porter and H. G. Petrow, National Lead Co. Inc. 

Solvent Extraction of Uranium at Shiprock, N. M., 
Plant of Kerr-McGee Oil Industries: Wayne C. 
Hazen, Kerr-McGee Oil Industries Inc. 

Some New Solvent Extraction Processes for Use in the 
Hydrometallurgical Treatment of Uranium, Thorium, 
and Vanadium Ores: K. B. Brown, D. J. Crouse, and 
C. F. Coleman, Oak Ridge National Laboratory 

Solvent & Chemical Extraction of Uranium From Phos- 

phates: James A. Barr, Jr., Texas Power & Light Co. 


WEDNESDAY, FEBRUARY 27 


Dry Separation 
Joint Session with Industrial Minerals Division 
2:00 pm Roosevelt Hotel International Room 
Electrification Mechanisms Applicable to the Electrical 
Concentration of Minerals on an Industrial Scale: 
J. E. Lawver, International Minerals & Chemical 
Corp. 
Application of Electrostatics to Feldspar Beneficiation: 
Elliott Northcott and I. Milton LeBaron, Interna- 
tional Minerals & Chemical Corp. 


Application of Electrostatics to Potash Beneficiation: 
I. Milton LeBaron and W. C. Knopf, International 
Minerals & Chemical Corp. 

Application of Electrostatics to Concentration Pebble 
Phosphate: F. N. Oberg and Elliott Northcott, Inter- 
national Minerals & Chemical Corp. 

Adaptation of the Geiger Counter as a Control Tool in 
the Processing of Potash Ores: W. C. Knopf, Inter- 
national Minerals & Chemical Corp. 

Production of Monozite from Alluvial Concentrates: 
J. Hall Carpenter, Carpco Research & Engineering 
Co., and R. F. Griffith, Marine Minerals Inc. 


THURSDAY, FEBRUARY 28 


Operating Control 
and 
Materials Handling 
9:00 am Roosevelt Hotel Gold Room 
Norman Sather and Neil Plummer, Associate Chairmen 
Automatic Controls and Milling Operations: H. E. Uh- 
land and W. Barbarowicz, International Minerals & 
Chemical Corp. 
A New Theory of Ore Sampling: Pierre M. Gy, Min- 
erais et Metaux, Paris 
Tailings Disposal at the Silver Bell Concentrator: 
Russell Salter, American Smelting & Refining Co. 
General Description of Tailings Disposal at Braden 
Copper Co. Teniente Mine, Sewell, Chile: R. W. 
Jigins, Braden Copper Co. 


Minerals Beneficiation Division Luncheon 

12:15 pm 

Guest Speaker: Frofessor J. Gordon Parr, University 
of Alberta, People, Petunias and Pyrite 


Concentration 
2:00 pm Roosevelt Hotel Gold Room 
F. J. Windolph and W. C. Mason, Associate Chairmen 


The Mineral Engineering Profession: A. M. Gaudin, 
Massachusetts Institute of Technology, Richards 
Award Winner 

The Relative Effectiveness of Sodium Silicates of Dif- 
ferent Soda to Silica Ratios as Gangue Depressants 
in Non-Metallic Flotation: C. L. Sollenberger and 
R. B. Greenwalt, Allis-Chalmers Manufacturing Co. 

Leach-Precipitation-Flotation of Semi-Oxidized Copper 
Ore from Ray Mines Division, Ray, Arizona: A. W. 
Last, Lucien Eaton, Jr., and J. L. Stevens, Kennecott 
Copper Corp. 

Separan 2610", A Flocculant for the Mining Industry: 
M. F. McCarty and R. S. Olson, Dow Chemical Co. 
Milling Practice at “ »vender Pit Concentrator, Phelps 
Dodge Corp., Bisbee, Ariz.: H. K. Martin, Phelps 

Dodge Corp. 


Coal Division 


MONDAY, FEBRUARY 25 


Mining and Geology 
9:30 am Roosevelt Hotel Wildcatter Room 
James C. Gray and H. C. Hyquist, Associate Chairmen 
Basic Coal Composition and its Relationship to Prepa- 
ration and Carbonization: William Spackman, Jr. 
and W. F. Berry, Pennsylvania State University, and 
Andre H. Brisse, U. S. Steel Corp. 
Mine Mechanization in Alabama: 
Alabama By-Products Corp. 
Continuous Mining in Pitching Seams: R. M. Von- 
Storch, Columbia-Geneva Steel Div., U.S. Steel Corp. 


Henry J. Hager, 
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Mining and Economics 

2:30 pm Roosevelt Hotel Wildcatter Room 
James A. Hagy and H. E. Mauck, Associate Chairmen 

Coal for the Steam Plants of the Southeast: Ralph E. 
Kirk, Kirk & Cowin 

Stream Pollution Legislation of Importance to the Coal 
Mining Industry: Henry F. Hebley, Pittsburgh Con- 
solidation Coal Co., and James R. Garvey, Bitumi- 
nous Coal Research Inc. 

Application of Industrial Engineering Principles to 
Bituminous Coal Mining: T. Carl Shelton, Jr., Vir- 
ginia Polytechnic Institute. 

Mine Drainage Problems of the Pennsylvania Anthra- 
cite Industry and Their Proposed Solution: Henry 
A. Dierks, USBM 


TUESDAY, FEBRUARY 26 


Materials Handling and Safety 


9:30 am Wildcatter Room 
J. A. Brookes and W. W. Everett, Associate Chairmen 


Developments in Belt Conveyors for Mining: William 
Hanson, Joy Manufacturing Co. 

The Role of the Federal Coal Mine Safety Board of 
Review: E. R. Price, Member, Federal Coal Mine 
Safety Board of Review 

Progress in Safety Engineering at Alabama Coal 
Mines: Lawrence Henderson, Alabama Power Co. 


Coal Division Luncheon 
12:00 noon Monteleone Hotel Robert.E. Lee Room 
Charles T. Holland, Chairmen-Elect, Presiding 


Round-The-World Observations: Dean Edward Steidle, 
Chairman, Federal Coal Mine Safety Board of Review 


Cocktail Party 
6:00 pm 


Mining Branch Annual Dinner 
7:00 pm Roosevelt Hotel Grand Ballroom 


WEDNESDAY, FEBRUARY 27 


Dust Collection and Drying 
9:30 am Roosevelt Hotel Wildcatter Room 
R. P. Bremner and H. R. Johnson, Associate Chairmen 
Dust Collection With the Microdyne: A. Lee Barrett 
Joy Manufacturing Co. 
Thermal Drying Costs for Fine Coal: Harry Washburn 
and George L. Judy, Consolidation Coal Co. of W. Va. 
Combined Air Cleaning and Heat Drying of Coal: 
F. P. Calhoun, Rochester and Pittsburgh Coal Co. 


Washing 

2:00 pm Roosevelt Hotel Wildcatter Room 

Ernest M. Spokes and E. H. Citron, Associate Chairmen 

The Convertol Process: William L. McMorris and 
Andre H. Brisse, U. S. Steel Corp. 

Viscosity as a Factor in Dense-Medium Cleaning of 
Coal: H. F. Yancey, M. R. Geer, and Michael Sokoski, 
USBM 

Chance Cone Operation at Mathies Mine: D. H. Davis, 
Mathies Coal Co. 

Coal Flotation with Liquid Hydrocarbons: S. C. Sun 
and D. R. Mitchell, Pennsylvania State University 


Industrial Minerals Division 


MONDAY, FEBRUARY 25 
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Chemical Raw Materials 
9:30 am Roosevelt Hotel Rex Room 
G. D. Emigh and R. E. Shrode, Associate Chairmen 
Euxenite—A New Chemical Raw Material: Warren R. 
Wagner, Geological Consultant 
Barite in New Mexico: Eugene Callaghan and E. C. 
Anderson, N.M. Bureau of Mines and Mineral Re- 
sources, and Ben B. Scott, Mex-Tex Mining Co. 
Lithium: P. E. Landolt, Consulting Engineer 
Problems of Mining and Exploration of Salt: C. H. 
Jacoby, International Salt Co., and L. E. Read. 
Titanium and Zirconium: K. C. Li, Wah Chang Corp. 


Ceramic Raw Materials 
Roosevelt Hotel Rex Room 


Pauline Moyd and Frank R. Hunter, 
Associate Chairmen 
Al 


ymp Source Materials in Glass 


The Use of Alumina in Glass: E. W. Summers, Owens- 
Illinois Glass Co. 

Flotation Feldspar: Carroll Rogers, Jr., Feldspar Corp. 

Dry Processing of Feldspathic Pegmatite: H. B. DuBois, 
Golding-Keene Co. 

Nepheline Syenite: H. R. Deeth, American Nepheline 
Ltd. 

Aplite: V. V. Kelsey, Dominion Minerals 

Unusual Sources of Alumina in Glass Manufacture: 
R. W. Hopkins, Calumite Co. 


2:00 pm 


TUESDAY, FEBRUARY 26 


Cement, Lime, and Gypsum 

9:00 am Roosevelt Hotel International Room 

Walter E. Trauffer and Carl Clausen, Assoc. Chairmen 

Highlights of Ideal Cement Co. Plant at Houston: T. B. 
Douglas, Ideal Cement Co. 

Cement and Aggregates for Shielding in Atomic En- 
ergy Plants: Harold S. Davis, Hanford Atomic Prod- 
ucts Operation, General Electric Co. 

Lime Stabilization of Soils for Road and Engineering 
Purposes: R. S. Boynton, National Lime Assn. 

Control of Mine Roof at Oakfield, N. Y.: Edward Ernst 
and Richard C. Runvick, U. S. Gypsum Co. 

High Capacity Vertical Lime Kilns: Hendrik Erasmus 
and Hans Leuenberger, Electro Metallurgical Co. 


Cocktail Party 
6:00 pm 


Mining Branch Annual Dinner 
7:00 pm Roosevelt Hotel Grand Ballroom 


WEDNESDAY, FEBRUARY 27 


Mineral Aggregates and Dimension Stone 

9:00 am Roosevelt Hotel International Room 

Katherine Mather and James Polatty, Assoc. Chairmen 

New Drilling Methods Lower Costs for Southern 
Aggregate Producer: Douglas Castleberry, The 
Weston-Brooker Co. 

Experimental Determination of Stresses in Granite 
Formations: Channing B. Mould, H. E. Fletcher Co. 

A Rapid Method for Determining the Durability of 
Ledge Rock: Joseph E. Gray, National Crushed 
Stone Assn. 

Effects of Manufactured Aggregate on the Pumpability 
of Sand-Cement Grout: James M. Polatty, Corps of 
Engineers, U. S. Army 

Breakwater, Stone, Riprap, and Concrete Aggregate in 
Northern California: Ray Treasher, Corps of Engi- 
neers, U. S. Army 


Industrial Minerals Division Luncheon 
12:00 noon Roosevelt Hotel Blue Room 
Dry Separation 

. Joint Session with Minerals Beneficiation Division 

2:00 pm Roosevelt Hotel International Room 

Electrification Mechanisms Applicable to the Electrical 
Concentration of Minerals on an Industrial Scale: 
J. E. Lawver, International Minerals & Chemical 
Corp. 

Application of Electrostatics to Feldspar Beneficiation: 
Elliott Northcott and I. Milton LeBaron, Interna- 
tional Minerals & Chemical Corp. 

Application of Electrostatics to Potash Beneficiation: 
I. Milton LeBaron and W. C. Knopf, International 
Minerals & Chemical Corp. 

Application of Electrostatics to Concentration Pebble 
Phosphate: F. N. Oberg and Elliott Nerthcott, Inter- 
national Minerals & Chemical Corp. 

Adaptation of the Geiger Counter as a Cortrol Tool in 
the Processing of Potash Ores: W. C. Knopf, Inter- 
national Minerals & Chemical Corp. 

Production of Monozite from Alluvial Concentrates: 
J. Hall Carpenter, Carpo Research & Engineering 
Co., and R. F. Griffith, Marine Minerals Inc. 


THURSDAY, FEBRUARY 28 


General Session 
9:00 am Roosevelt Hotel International Room 
Arthur L. Hall and George F. Pettinos, Jr., 
Associate Chairmen 

Beneficiation of Refractory Minerals: Leo L. Gill and 
Earl Leatham, Harbison-Walker Refractories Co. 

Relationships of Product Quality to End Uses for Dia- 
tomaceous Earth: C. A. Frankenhoff, Kenite Corp. 

Coated Abrasives—Their Manufacture and Use: L. A. 
Hansen, Norton Co. 

Uses and Physical Character of Arkansas Novaculite: 
Norman F. Williams, Arkansas Geological Conserva- 
tion Commission. 

Production of Oil Well Fracturing Sand: A. D. Bryant, 
Silica Sand Corp. 


Ultra-Lightweight Aggregates 
2:00 pm Roosevelt Hotel International Room 
T. D. Murphy and B. F. Buie, Associate Chairmen 

The Perlite Lightweight Aggregate Industry: P. W. 
Leppla 

Fly-Ash Demand Could Exceed Supply: H. H. Russell, 
Bituminous Coal Research Inc. 

Geology of Some Expandable Shale Occurrences in 
Southeastern U. S.: T. E. Shufflebarger, Jr., Southern 
Railway System 

The Occurrence, Technology, and Current End Uses of 
Vermiculite: J. A. Kelley, Zonolite Co. 


Mineral Industry Education 
Division 


SUNDAY, FEBRUARY 24 


General Session 
2:00 pm Jung Hotel Room 10 
K. S. Stout and A. W. Schlechten, Associate Chairmen 
A Comparison of Several European Mining Engineer- 
ing Schools with American Ones: Lute J. Parkinson, 
Colorado School of Mines 
The Steel Castings Industry Needs Engineers: George 
K. Dreher, Steel Founders’ Society of America 


Recent Changes in Engineering Education at Purdue 
University: A. R. Spalding, Purdue University 

A Report on Soviet Metallurgical Education: J. P. 

Nielsen, New York University 


Buffet Dinner 
5:00-7:30 pm 
Cocktails—compliments of Petroleum Industry 


General Session 
Jung Hotel 
J.C. Calhoun and C. V. Kirkpatrick, 
Associate Chairmen 


Education for the Petroleum Industry: John E. Sher- 
borne, Union Oil Co. of California 


8:00 pm Room 10 


TUESDAY, FEBRUARY 26 


Cocktail Party 
6:00 pm 


Mining Branch Annual Dinner 
7:00 pm Roosevelt Hotel Grand Ballroom 


Mineral Economics Division 


TUESDAY, FEBRUARY 26 


General Session 
9:00 am Monteleone Hotel Robert E. Lee Room 
Future Trends in Metal Markets and Prices: G. Cleaver, 
Engineering & Mining Journal, McGraw-Hill Book 
Co. Inc. 
Pipeline Transportation of Gilsonite Solids in Water 
Slurry: R. K. Bond, Standard Oil Co. of California 
Some Basic Industrial Trends and Their Economic In- 
fluence on the Bituminous Coal Industry: H. E. 
Risser, University of Kansas 

Recent Developments in Tungsten Alloys for High 
Temperature Applications: R. Thielmann, Stanford 
University 


Cocktail Party 
6:00 pm 


Mining Branch Annual Dinner 
7:00 pm Roosevelt Hotel Grand Ballroom 


WEDNESDAY, FEBRUARY 27 


Mineral Industries in Latin America 
9:00 am Roosevelt Hotel Rex Room 
R. J. Lund and E. W. Pehrson, Associate Chairmen 
History of the Mineral Industry in Bolivia: R. Bal- 
livian and Gregory Bryan 

Role of U. S. Government in South American Mineral 
Development: Sumner Anderson, USBM 

Life and Death Factors in an Investment Climate— 
Case History—Bolivia: L. C. Raymond, Ford, Bacon 
& Davis Inc. 

Latin America and U. S. Mineral Industry: John D. 
Ridge, Pennsylvania State University 


Mineral Economics Division Luncheon 
12:00 noon Roosevelt Hotel Rex Room 


Progress Report on the Mineral Economics Volume: 
E. H. Robie, Secretary AIME, retired 
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THURSDAY, FEBRUARY 28 


Panel on Research in the Mineral 
Industries 


Panel Discussion 
Roosevelt Hotel University Room 

Panel Chairman, M. E. Volin 

A Mining Company’s Approach to Mineral Research: 
F. Brown, Cleveland-Cliffs Iron Co. 

Colorado School of Mines Research Foundation Inc.: 
E. H. Crabtree, Jr., Colorado School of Mines Re- 
search Foundation Inc. 

Petroleum Research at Texas A & M: J. C. Calhoun, 
Texas A & M 

Michigan’s Mineral Research Program: M. E. Volin, 
Bureau of Mineral Research 


Geology Subdivision 


9:00 am 


MONDAY, FEBRUARY 25 


Symposium—Criteria for Recognition of 
Syngenetic Sedimentary Ore Deposits 
9:00 am Jung Hotel Charcoal Room 


Thomas N. Walthier and Alan M. Bateman, 
Associate Chairmen 

Sedimentary Environment of Taconite: Josiah Royce 

On the Origin of Sedimentary Manganese: Charles F. 
Park, Jr., Stanford University 

Isotopes and the Origin of Sedimentary Ore Deposits: 
J. Lawrence Kulp, Columbia University 

Copper Mineralization in the White Pine Deposit, 
Michigan: John R. Rand, Michigan State Geologist 

A Proposed Placer Origin for Blind River Uranium 
Ores: David S. Robertson and N. C. Steenland, Stan- 
can Uranium Corp. 

Patterns of Ores in Sediments and Sedimentary Rocks: 
George C. Bain, Amherst College 


TUESDAY, FEBRUARY 26 


Mining, Geology, and Geophysics 
Division Luncheon 
12:00 noon 


Cocktail Party 


6:00 pm 


Mining Branch Annual Dinner 


7:00 pm Roosevelt Hotel Grand Ballroom 
THURSDAY, FEBRUARY 28 
Latin American Session 

9:00 am Roosevelt Hotel Grand Ballroom 


Georges Ordonez and Willard C. Lacy, 
Associate Chairmen 


The Practical Use of Mine Geology at Chuquicamata 
Open Pit Copper Operation: Glenn C. Waterman, 
The Anaconda Co., W. H. Swayne, and R. L. Hamil- 
ton, Chile Exploration Co. 

An Introduction to the Geology of Toquapala, Peru: 
J. H. Courtright and Kenyon Richard, American 
Smelting & Refining Co. 

Porphyry Copper Deposit, Cuajone, Peru: Willard C. 
Lacy, University of Arizona 

Structural Control of Contact Metasomatic Deposits in 
the Peruvian Cordillera: Alberto J. Terrones, The 
Cananea Consolidated Copper Co., S. A. 
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General Session 


2:30 pm Roosevelt Hotel 


Grand Ballroom 
Ernest L. Ohle and Lyman H. Hart, Associate Chairmen 


Administration of Geologic Personnel: Arthur E. 
Granger, AEC 

The Ore Knob Copper Deposit, Ashe County, N. C.: 
Phillip Eckman, Appalachian Sulphides Inc. 

Fracture Controls of Uranium Ore Deposits, Grants, 
N. M.: Thomas W. Mitcham, Consultant 

The Role of Geology in Developing the Marcona Iron 
Deposits of Peru: Weston Bourret, Utah Construction 
Cc 


0. 

Relationship of Diagenic, Metamorphic, and Secondary 
Oxidation to the Concentrating Characteristics of the 
Negaunee Iron Formation of the Marquette Range: 
Gerald J. Anderson and Tsu-Ming Han, Cleveland- 
Cliffs Iron Co. 


Geophysics Subdivision 


MONDAY, FEBRUARY 25 


General Session | 
Monteleone Hotel Robert E. Lee Room 
Frank T. Clifton and George V. Keller, 
Associate Chairmen 

The New Airborne Gravity Method: Hans Lundberg, 
Lundberg Exploration Ltd. 

Subsurface Investigations of a Plant Site, Missouri: 
LeRoy Scharon, Washington University, Robert Uh- 
ley, National Lead Co., and Tsui Meidav, Missouri 
Geological Survey 

The Case History of the Juniper Prospect: R. A. 
Barker, American Metal Co. Ltd., and S. H. Ward, 
McPhar Geophysics Ltd. 

Gravity Prospecting for Chromite Deposits in Cam- 
aguey Province, Cuba: Willard E. Davis, W. H. 
Jackson and D. P. Richter 

Magnetic and Electromagnetic Investigations in Paska 
Township, District of Thunder Bay, Ontario: Hal 
Fleming, Kennco Exploration Ltd. 


2:30 pm 


TUESDAY, FEBRUARY 26 


General Session II 


9:00 am Roosevelt Hotel Rex Room 
George R. Rogers and S. H. Ward, Associate Chairmen 

Geophysical Studies in Northern Minnesota: Gorden 
D. Bath 

Continuous Pulse-Transient Logging in Mineralized 
Bore Holes: George V. Keller, USGS 

The Practical Application of Diamond Drill Hole Re- 
sistivity Surveys: D. J. Salt, Geo-Explorers Ltd. 

Varian Nuclear Precession Magnetometer—Its Theory 
and Application: Kenneth E. Hunter, Hycon Aerial 
Surveys Inc. 

The Effects of Multiple Scattering on the Energy Spec- 
trum From a Buried Gamma Ray Source: Robert J. 
Uffen and Norman B. Massey, University of Western 
Ontario 


Mining, Geology, and Geophysics 
Division Luncheon 
12:00 noon 


Cocktail Party 
6:00 pm 


Mining Branch Annual Dinner 
7:00 pm Roosevelt Hotel Grand Ballroom 


a 
| 
| 
| 


Proposed Revision Of 


AIME Bylaws 


Following are the proposed new AIME Bylaws. These have been 


necessitated by the proposed new structure of the Institute which 
will comprise Societies instead of the previous Branches. Final action 
on these Bylaws will be taken at the meeting of the Board of Direc- 


Article | 


Organizations of the Institute 


The American Institute of Mining, 
Metallurgical, and Petroleum Engi- 
neers, Inc., shall be composed of 
constituent parts as follows: 


Section 1. Societies—The Institute 
shall be divided into three or more 
Societies as follows: 
a. Metallurgical Society of AIME 
b. Society of Mining Engineers 
of AIME 
c. Society of Petroleum Engineers 
of AIME 
Other Societies may be formed 
within the framework of AIME or 
granted membership in AIME as 
approved by the Board of Directors. 


Section 2. Divisions and Subdivi- 
sions—The several Societies of the 
Institute shall consist of Divisions 
as follows: 
a. Metallurgical Society of AIME 
1. Institute of Metals Division 
2. Iron and Steel Division 
3. Extractive Metallurgy 
Division 
Any Divisions or Subdivisions 
which may be formed in the future 
with the approval of the Board of 
Directors. 
b. Society of Mining Engineers 
of AIME 
. Coal Division 
. Industrial Minerals Division 
. Minerals Beneficiation 
Division 
. Mining, Geology, and 
Geophysics Division 
Any Divisions or Subdivisions now 
existing or which may be formed in 
the future with the approval of the 
Board of Directors. ‘ 
ce. Society of Petroleum Engineers 
of AIME 


Any Divisions or 


Subdivisions 


which may be formed in the future 


tors in New Orleans on Feb. 24, 1957. 


with the approval of the Board of 
Directors. 


Section 3. Councils—There shall be 
formed three Councils which shall 
not be directly affiliated with any 
of the Societies of AIME, these 
Councils to be known as: 

a. Council of Education 

b. Council of Economics 

Each of the above Councils a and 

b shall select a representative each 
year from the Board of Directors to 
be known as its Contact Director. 

e. Council of Section Delegates to 
be represented on the Board of 
Directors by the Committee on 
Section Affairs. 

Other Councils may be formed 

with the approval of the Board of 
Directors. 


Section 4. Local Sections 


a. All Local Sections and Subsec- 
tions in existence shall continue 
until dissolved by the Board of 
Directors. 

b. Any ten members in good stand- 
ing, residing within appropriate 
distance of a central point, may 
form a new Local Section or Sub- 
section of the Institute subject to 
the approval of the Board of Di- 
rectors. Local Sections must be 
made up of a minimum of 25 
members in good standing. 

ec. Societies may form their own Lo- 
cal Sections subject to the ap- 
er of the Institute Board of 

irectors. 


Section 5. Student Chapters 
a. Existing Student Chapters will be 
continued until dissolved by the 
Board of Directors. 
b. Any group of students at a degree- 
school approved by the 
oard of Directors, comprising 
students in one or more branches 
of engineering, metallurgy, chem- 
istry, geology, or other science 
may be recognized by the Board 
of Directors with such rights, 
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rivileges, and obligations as the 
oard of Directors may from 
time to time establish. 


Section 6. Reports of Organizations 
Each Society, Council, Division, Lo- 
cal Section, or Student Chapter shall 
submit to the Board of Directors 
such reports as the Board of Direc- 
tors may require from time to time. 


Section 7. Affiliation or Merger with 
Institute of Organized Groups of En- 
gineers—The Board of Directors shall 
determine the conditions of affiliation 
or merger with the Institute, or its So- 
cieties, Divisions, or Local Sections, 
of any regularly organized group of 
engineers, or any engineering so- 
ciety, association or club, whose 
aims, constitution or bylaws or prac- 
tices, are in accord with the aims of 
the Institute. 


Section 8. Government Responsibil- 
ity of Organizations within AIME— 
Each Society, Council, Local Section, 
and Student Chapter shall be self- 
governing within the limitations of 
these Bylaws and shall be under the 
control of the Board of Directors. 
Each Division and Subdivision shall 
be self-governing but shall be held 
responsible to the Society of which 
it is a part for any and all actions 
by such Division or Subdivision. 
Each Subsection or professional sub- 
division of Local Sections shall be 
self-governing but shall be held re- 
sponsible by the Local Section of 
which it is a part for any and all 
actions by such Subsection or pro- 
fessional subdivision. 

Bylaws of all of the above organi- 
zations shall conform to AIME By- 
laws and the Board of Directors may 
intervene in actions of Divisions, 
Subdivisions, or Subsections where 
violation of the Bylaws of AIME 
has been called to the attention of 
the Council, Society, Local Section, 
or Student Chapter without proper 
action being taken. 


Article Il 
Membership 


Eligibility, Resignation, Suspension, 
Expulsion 


Section 1. Classification of Member- 
ship 
a. Membership in the Institute shall 
be divided into Societies accord- 
ing to the choice of individual 
members. Members may belong 
to one Society but may receive 
ublications of other Societies or 
ivisions according to provision 
made for such privileges from 
time to time. 


b. Membership in the Institute shall 
comprise seven classes, namely: 
. Members 
. Honorary Members 
. Senior Members 
. Associate Members 
. Junior Members 
. Rocky Mountain Members 
. Student Members 
All except Student Members shall 
be equally entitled to privileges of 
membership, excepting that no mem- 
ber in any class, whose residence 
shall be outside of the United States 
of America, Mexico, or Canada shall 
be entitled to vote. 


Section 2. Eligibility for Membership 
a. Members. A person eligible for 
election or transfer into the class 
of Member, shall be at least 27 
years of age and must have had 
at least six years of employment 
in a field of science or engineer- 
ing represented by one of the 
three constituent Societies, during 
at least three years of which he 


must have held positions of re- 
sponsibility. 
Honorary Members. Each candi- 


date for Honorary Membership 
must be recommended by the 
Committee on Honorary Member- 
ship, must be elected by secret 
ballot at a meeting of the Board 
of Directors, provided there be no 
more than one dissenting vote of 
the Directors present; provided, 
however, that the number of 
Honorary Members shall at no 
time exceed 20. Such election 
shall automatically act as a trans- 
fer from any other class of mem- 
bership to which he may belong. 


Senior Members. The Board of 
Directors may, at the special re- 
quest of any Member or Associate 
Member, who has reached the 
age of 70 and paid dues continu- 
ously for 30 years, transfer such 
Member or Associate Member to 
the class of Senior Member and in 
special cases may waive either the 
requirement as to age or as to the 
number of years for which dues 
have been paid. 


Associate Members. A _ person 
eligible for election or transfer 
into the class of Associate Mem- 
ber, shall be one whose interest 
or work in a field of science or en- 
gineering represented by one of 
the three constituent Societies is 
too limited to meet the require- 
ments of the classification of 
Member. 

Junior Mmbers. A person to be 
eligible by election or transfer 
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into the class of Junior Member 
must be qualified through educa- 
tion and experience to hold a 
subordinate position in a field of 
science or engineering represent- 
ed by one of the three constituent 
Societies. 

He shall not have passed his 
30th birthday anniversary at the 
time his application is received, 
and shall not remain a Junior 
Member beyond his 33d birthday 
anniversary, except that the Board 
of Directors shall have the power 
to waive the age limitation in the 
case of veterans from military 
service. 


f. Rocky Mountain Members. Rocky 
Mountain Members are a closed 
special class of life members, 
without annual dues. Such mem- 
bers upon request receive one 
monthly journal of their choice 
and enjoy the other privileges of 
Institute membership. This priv- 
ilege was given to all members of 
the Rocky Mountain Club at the 
time of consolidation with AIME. 


. Student Members. A student in 
good standing at a degree-grant- 
ing school approved by the Board 
of Directors, who has been nom- 
inated by three instructors of the 
nominee, one of whom should if 
possible be an Institute member, 
may affiliate with the Institute as 
a Student Member. 


Section 3. Change of Membership 
Classification—The Board of Direc- 
tors may at any time for good and 
sufficient reasons, change the classi- 
fication of any member. 


Section 4. Resignation, Suspension 
and Expulsion 


a. Resignation. All resignations from 
membership shall be filed with 
the Secretary in writing. The res- 
ignation of a Member, Associate 
Member, Junior Member, or Stu- 
dent Member shall be accepted 
subject to the payment of all out- 
standing dues and obligations 
of the resigning member. A mem- 
ber who shall have resigned in 
ood standing shall be obligated 
or no further dues. 
Suspension—Failure to Pay Dues. 
Any Member, Associate Member, 
Junior Member, or Student Mem- 
ber, who fails to pay his dues or 
indebtedness within three months 
after they shall become due shail 
then no longer be in good stand- 
ing. He shall not receive the pub- 
lications of the Institute until his 
account is paid, and if any in- 
debtedness remains unpaid for 
two years after the same becomes 
due, he shall be automatically sus- 
ended, and his name dropped 
rom the rolls unless time of pay- 
ment shall be extended by the 
Board of Directors. The Board of 
Directors may reinstate a mem- 
ber who has resigned or been sus- 
pended under this Section under 
such conditions as it may impose. 
Student Members, after having 
been notified of automatic elec- 
tion to membership in the Insti- 
tute and Junior Members, after 
having been notified of automatic 
Associate Membership, who fail to 
pay their dues within three 
months shall be suspended. 


ce. Expulsion—Moral Turpitude. Any 
member of the Institute, who shall 
be convicted of a crime involving 
moral turpitude, shall upon the 
passage by the Board of Directors 
of a resolution proclaiming this 
member to be of such character as 
to warrant expulsion, thereupon 
be expelled from membership in 
the Institute. 


. Suspension or Expulsion—Profes- 
sional Misconduct or Disloyalty to 
U. S. Government. Any member 
of the Institute may be suspended 
or expelled by the Board of Di- 
rectors for professional miscon- 
duct, and in the case of citizens 
of the United States, for disloyalty 
to the Government of the United 
States of America after charges 
setting forth such misconduct or 
disloyalty shall have been pre- 
pared and filed in writing with 
the Board of Directors and the 
Board of Directors shall base its 
resolution for resignation, suspen- 
sion or expulsion on the findings 
set out in ARTICLE II, Section 4, 
Rule 1. 


Article III 


Finances 


Section 1. Admission Fees—Each 
new Member and Associate Mem- 
ber and each Junior Member, at 
the time of his transfer into the class 
of Member or Associate Member, 
shall pay immediately upon notifi- 
cation of such election or transfer 
the admission fee as established by 
the Board of Directors. 


Section 2. Dues 


a. General Membership. Upon noti- 
fication that he has been elected a 
member of the American Institute 
of Mining, Metallurgical, and Pe- 
troleum Engineers, such member 
shall remit promptly to the Sec- 
retary the annual dues required 
for such membership as _ estab- 
lished by the Board of Directors 
for the classification to which he 
is entitled, namely, Member, As- 
sociate Member, or Junior Mem- 
ber. 


Life Member or Life Associate 
Member. Any Member or Asso- 
ciate Member, by the payment at 
one time of twenty times the dues 
of the grade in which he is en- 
rolled may become a Life Mem- 
ber or Life Associate Member, ac- 
cording to his status at the time 
the application is made. He shall 
not be liable thereafter to pay 
annual dues. 


. Honorary and Senior Members. 
Dues shall not be required of 
either Honorary or Senior Mem- 
bers. 


Section 3. Financial Responsibility of 
Constituent Organizations of AIME 


a. Institute Income and Expenses, 
except for Endowment Funds, 
shall be accounted for annually 
on a Society basis. Each Society 
shall be credited with income pro- 
duced from various sources, in- 
cluding Society publications, meet- 
ings, fees, Society dues, etc. 

Each Society shall prepare an an- 
nual Income and Expense budget 


for approval by the Board of Direc- 
tors and shall have authority to 
disburse its funds only according 
to its approved budget, and to 
employ the necessary staff and 
secure the necessary equipment 
for carrying on its operations. 

Each Society shall exert its best 
efforts to become self-supporting, 
and 25 pct of any surplus funds 
remaining in any year shall be 
credited to the surplus fund of 
the Institute. The Institute may 
provide financial assistance to So- 
cieties at its discretion. 


b. Constituent Councils, Divisions, 
Sections, Subsections, and Student 
Chapters are expected to be self- 
supporting, but may be provided 
financial assistance by the Insti- 
tute in the form of remission of 
part of the annual dues or other 
funds as the Board of Directors 
may allocate; provided, however, 
if the operating expense of any of 
these organizations exceeds the 
amount granted, the difference 
shall be made up by voluntary 
contributions such as local dues. 
The Institute will not be respon- 
sible for the debts of any organi- 
zation contained within its frame- 
work. 


Section 4. Disbursement of Institute 
Funds—Disbursement of Institute 
funds shall be made by the Treasurer 
or Assistant Treasurer on checks 
signed by him and countersigned by 
the Secretary or such other persons 
as the Board of Directors may, from 
time to time, designate. 


Section 5. Expenses Allowed to 
Officers—The President, Vice-Presi- 
dents, and Directors shall, upon re- 
quest and after Board of Directors’ 
approval, secure travel allowance to 
attend meetings of the Board of Di- 
rectors or for business of the In- 
stitute. 


Article 
Officers and Directors 


Section 1. Officers—The officers 
shall be one President, one President- 
Elect, one Past-President, six Vice- 
Presidents, one Treasurer, one Sec- 
retary, and 12 other Directors, all of 
whom except the Secretary shall be 
members of the Board of Directors 
and shall be elected as provided in 
this Article of these Bylaws. 

a. The President shall be succeeded 
by the President-Elect. In case of 
the death of the President, the 
Board of Directors shall designate 
a Vice-President who shall suc- 
ceed to the office of President for 
the balance of the unexpired term. 

b. The President shall be ineligible 
to hold that office again. 

ec. At the first meeting of the Board 
of Directors after the annual bus- 
iness meeting of the Institute, the 
Board shall elect a Treasurer who 
shall thereupon become a Direc- 
tor; and a Secretary, each to 
serve for one year. The Secretary 
shall be present at all meetings of 
the Board of Directors. 


Section 2. Election of Officers 

a. President-Elect, President, Past 
President. Each Society, in rota- 
tion, shall elect the President- 


Elect every third year. Upon 
election, he shall serve as Presi- 
dent-Elect for one year, and shall 
thereafter automatically serve as 
President of the Institute for the 
second year, and as Past-President 
for the third year. 


b. Vice-Presidents. Each Society 
shall designate each year two of 
its seven Institute Directors to 
serve as Vice-Presidents of the 
Institute for one year. 


Directors. Each Society shall elect 
each year two Directors, both of 
whom shall serve for three years 
as Directors of the Institute. 


c 


Article V 
Committees 


Section 1. Executive Committee 


a. Formation of Committee and Du- 
ties. At the first meeting of the 
Board of Directors after the an- 
nual meeting of the Institute, the 
Board of Directors shall appoint, 
on recommendation of the Presi- 
dent, an Executive Committee of 
five of its members, three of 
whom shall constitute a quorum. 
The Executive Committee shall 
have all of the powers of the 
Board of Directors, subject to 
such limitations as the Board of 
Directors may order, when the 
Board of Directors is not in session. 

b. Presiding Officer. At all meetings 
of the Executive Committee, the 
President of the Institute shall 
preside. In his absence the order 
of succession of the chair shall be: 
1. Vice Chairman of the Executive 

Committee. 

2. Member of the Committee des- 
ignated as Chairman pro tem 
by vote of the Committee mem- 
bers present. 

ec. The Secretary of the Institute 
shall be present at all meetings of 
the Executive Committee. 

d. Minutes of Meetings. Minutes of 
the meetings of the Executive 
Committee shall be distributed to 
all members of the Board of Di- 
rectors. 


Section 2. Finance Committee 
a. Formation of Committee and Du- 
ties. The Board of Directors shall 
appoint, at its first session follow- 
ing the annual meeting of the In- 
stitute, a Finance Committee con- 
sisting of three of its members. 
The Finance Committee shall re- 
rt on its actions at each regu- 
ar meeting of the Board of Di- 
rectors and at other times when- 
ever it shall desire or be directed 
to do so; and the Treasurer shall 
at all times furnish it with such 
statements and information as it 
may desire. 


b. Minutes of Meetings. The Finance 
Committee shall keep minutes of 
its meetings for Board of Direc- 
tors’ reference when requested. 


Section 3. Investment Committee 
a. Formation of Committee and Du- 
ties. The Investment Committee 
shall be a standing committee to 
consist of five members as follows: 
1. Treasurer of the Institute ex 
officio with full voting power. 


2. Chairman of the Finance Com- 
mittee ex officio with full vot- 
ing power. 


3. Three members shall hold office 
for terms of three years, one to 
be appointed each year by the 
Board of Directors on nomina- 
tion of the President of the In- 
stitute, at the first session of 
the Board of Directors follow- 
ing the annual business meet- 
ing of the Institute. Only 
Members and Associate Mem- 
bers shall be eligible for ap- 
pointment on this Committee. 


4. The Committee shall have 
power to take all necessary ac- 
tion and execute all neccssary 
documents in connection with 
receiving, managing, and dis- 
posing of its investments. The 
Committee shall, from time to 
time, designate who shall have 
authority to execute documents 
and represent the Institute at 
corporate meetings or other- 
wise. 


b. Management. The Chairman of 
this Committee shall be elected 
annually by the members of the 
Committee. The Committee shall 
keep minutes of its meetings. 


Section 4. Admissions Committee 


a. Formation of Committees and Du- 
ties. Each Society shall form its 
own Admissions Committee to 
review the qualifications of appli- 
cants desiring to enter the Insti- 
tute. The Committee shall also 
pass on applications for reinstate- 
ment and change of status of 
membership. 

Applications for membership in 
the Institute shall be referred to 
the Admissions Committee of the 
appropriate Society and after ap- 

+ oes by such Committees shall 

forwarded to the Secretary of 
the Institute for final approval by 
the Board of Directors. 


b. Presiding Officer. Each Admis- 
sions Committee shall elect its 
own officers and formulate its 
own rules, subject to the Bylaws 
and the Board of Directors of the 
Institute. 


Minutes of Meetings. Minutes of 
all meetings of Admissions Com- 
mittees shall be filed with the 
Secretary of the Institute and be 
available to the Board of Directors. 


Section 5. Publications Committees 
—Each Society shall appoint its own 
Publications Committee to handle 
all matters pertaining to publications. 


Section 6. Section Affairs Committee 


a. Formation of Committee. The 
Committee on Section Affairs 
shall consist of three Directors 
appointed by the Board of Direc- 
tors on recommendation of the 
President, one from each of the 
three Societies. 


b. Presiding Officer. The Committee 
shall select its own presiding 
officer. 


Minutes of Meetings. Minutes of 
all meetings of the Section Af- 
fairs Committee shall be filed 
with the Institute Secretary and 
be available to members of the 
Board of Directors. 


c 
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Section 7. Library Committee 


a. Formation of Committee and Du- 
ties. The Library Committee shall 
consist of: An executive commit- 
tee, consisting of two Members or 
Associate Members of the Insti- 
tute, appointed by the President 
to serve for a term of four years 
to conform to the Bylaws of the 
United Engineering Trustees, Inc. 


All such members of the Commit- 
tee shall be official representatives 
of the Institute on the Library Board 
of the United Engineering Trustees, 
Inc., and be guided by the Bylaws 
of that organization as approved by 
the Board of Directors of the Insti- 
tute within the appropriations al- 
lowed by the Board of Directors. 


b. Presiding Officer. One of the two 
members of the executive com- 
mittee shall be designated by the 
President as Chairman of the In- 
stitute Library Committee. 


Section 8. All-Institute Membership 
Committee—The President, subject 
to the approval of the Board of Direc- 
tors, shall appoint annually a chair- 
man of the All-Institute Membership 
Committee, whe shall guide the 
activities of the membership com- 
mittees of the various Societies, Di- 
visions, Councils, Local Sections, 
and Student Chapters, which com- 
mittee members shall automatically 
become members of the All-Institute 
Membership Committee. 


Section 9. Other Committees— 
The Board of Directors shall have 
the power to appoint, and indicate 
the scope of, and discharge such 
other committees as may be deemed 
necessary. Each Committee may 
adopt such rules as may be necessary 
for the orderly conduct of its affairs, 
subject to the approval of the Board 
of Directors. 


Article VI 


Institute Publications 


Section 1. Publications—Publica- 
tions of the Institute shall consist of 
one or more Society journals and 
such transactions, directories, spe- 
cial volumes, and pamphlets as the 
Board of Directors may from time 
to time authorize. 


Section 2. Publications to be Received 
by Membership—All members in 
good standing shall be entitled to 
receive one Society journal. A por- 
tion of the annual dues, fixed by the 
Board of Directors, shall be applied 
as subscription to the journal se- 
lected. 


Section 3. Publications—Sales— 
Members may also receive each 
year other publications of the Insti- 
tute, either free or at special mem- 
ber rates if and as authorized by 
the Board of Directors. 


Section 4. Publications—Ownership 
—All papers presented before the 
meetings of the Institute, whether 
annual, regional or Local Sections, 
are the property of the Institute, ex- 
cept those previously published else- 
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where, those withheld from publica- 
tion by the author, or those released 
by the Secretary of the Institute or 
one of the Societies. 


Article VII 
Meetings 


Section 1. Annual Business Meeting 
of the Institute—The annual busi- 
ness meeting of the Institute, at 
which Directors elected in the pre- 
ceding November shall take office, 
shall be held at the principal office 
of the Institute in the City of New 
York on the third Tuesday in Feb- 
ruary of each year, or at such other 
time or place, as the Board of Di- 
rectors may designate. At this meet- 
ing a report of the financial condi- 
tion of the Institute and reports of 
the principal officers and standing 
committees shall be presented. 


Section 2. Special Business Meetings 
of the Institute—Special business 
meetings of the Institute may be 
held at such times and places as the 
Board of Directors may designate. 


Section 3. Business Meeting Quorum 
—At all business meetings of the 
Institute, the presence of 25 Mem- 
bers, Associate Members, and/cr 
Junior Members shall constitute a 
quorum and the order of business 
shall be such as shall be fixed in 
advance by the Board of Directors. 


Section 4. Voting at Business Meeting 
—At all business meetings of the 
Institute, Members, Associate Mem- 
bers, and Junior Members present 
and in good standing, may vote. 


Section 5. Regular Meeting of Board 
of Directors—A regular meeting of 
the Board of Directors for the elec- 
tion of a Secretary and a Treasurer 
and the transaction of such other 
business as may properly come be- 
fore the meeting, shall be held im- 
mediately after the annual business 
meeting of the Institute, at the place 
where the latter was held. 


Section 6. Special Meetings of the 
Board of Directors—Special meet- 
ings of the Board of Directors shall 
be called at the request of the 
President, a Vice-President or any 
three members of the Board of 
Directors, to meet at any time and 
place, by notice mailed to the mem- 
bers of the Board of Directors at 
least ten days in advance. 


Section 7. Board of Directors Meet- 
ing Quorum—At all meetings of the 
Board of Directors the presence of 
nine members shall constitute a quo- 
rum. If a quorum of the Board of Di- 
rectors is not present, or if no meet- 
ing is held, action shall become final 
if approved by letter ballot by a ma- 
jority of the Board of Directors. 


Ifa ys of the Board is pres- 


ent, and the President is absent, the 
order of succession to the chair shall 
be: 


1. President-Elect 

2. A Director designated as Presi- 
dent pro tem by the vote of the 
Directors present. 


Section 8. Attendance at Meetings of 
Board of Directors—The Presidents 
of Societies, Chairmen of Divisions, 
Local Sections, and Councils of the 
Institute, or representatives thereof, 
and all ex-Presidents of the Institute 
shall be invited to all open meetings 
of the Board of Directors, without 
the right to vote. They may partici- 
pate in discussion and shall receive 
copies of the minutes of the meet- 
ings of the Board of Directors. 


All other members of the Insti- 
tute may attend open meetings of the 
Board of Directors without the right 
to vote. 


Article VIII 
Amendments to Bylaws 


Section 1. Method of Amendment or 
Repeal by Board of Directors— 
The Board of Directors shall have 
the power to make, amend, and re- 
peal these Bylaws by a vote of a 
majority of Directors present at any 
regular meeting of the Board at 
which a quorum is present; provided, 
however, that at least two thirds of 
the members of the Board of Direc- 
tors shall vote in favor of such mak- 
ing, amendment, or repeal, and pro- 
vided further that notice of intention 
to make, amend or repeal the By- 
laws either in whole or in part shall 
have been given at a meeting of the 
Board of Directors or Executive 
Committee at least two months pre- 
ceding, and copies of such amend- 
ments shall have been mailed to all 
members of the Board of Directors 
at least 20 days before the meetin 

at which they are voted on and shal 
have been printed in one issue of 
—— of the Societies’ monthly jour- 
nals. 


Section 2. Persons Eligible to Propose 
Amendment er Repeal—Any Mem- 
ber or Associate Member of the 
Institute in good standing may 
oe in writing to the Board of 

irectors, so that such proposal is 
received at least 60 days before a 
regular meeting of the Board of Di- 
rectors, amendments, additions, or 
repeal of any portion of these By- 
laws; provided such amendment, ad- 
dition, or repeal of such portion of 
these Bylaws has been endorsed by 
at least 25 Members or Associate 
Members in good standing. The pro- 
a shall be brought before the 

oard of Directors at its next meet- 
ing and if sponsored by any one 
member of the Board of Directors, 
shall pass through the course re- 
quired in Article VIII, Section 1, 
above. If the proposal is not so 
sponsored, it shall be returned to 
the proposer. 


It shall be the duty of the Board 
of Directors to have such proposal 
printed in the next succeeding issue 
of the Society journals and to pro- 
vide proper facilities for a vote of 
the membership at the next busi- 
ness meeting of the Institute. 


Annual Meeting 
Field Trips j 


(Continued from page 89) 


famous tabasco brand pepper sauce. 
If time permits, a trip through Jun- 
gle Garden will be arranged. Leav- 
ing New Orleans at 7:30 am by 
chartered bus, they will lunch at the 
island and return at 6 pm. 

The trip to Port Sulphur and 
Grande Ecaille Operations of Free- 
port Sulphur Co. is eight hours 
round-trip from New Orleans. Port 
Sulphur, which serves three plants, 
is on the Mississippi delta about 50 
mi southeast of New Orleans. Pro- 
duction from three process mines is 
stockpiled and loaded aboard boats 
and railroad cars for shipment. 
Grand Ecaille, Freeport’s oldest and 
largest sulfur operation is 10 mi 
southwest of Port Sulphur. Guests 
will enjoy a boat ride since trans- 
portation to this operation will 
be via diesel-powered speedboats. 
Started in 1933, Grande Ecaille has 
produced 18% million long tons of 
elemental sulfur, averaging 1% mil- 
lion tons annually since 1949. The 
trip, which begins at 8 am and ends 
at 4 pm, includes a barbecue lunch- 
eon at the Community Hall in Port 
Sulphur. 


New Section Approved 


A new section has been estab- 
lished, to be called Upper Mississippi 
Valley Section. In Illinois, Jo 
Daviess, and Stephenson counties 
will be included. Iowa will encom- 
pass Allamakee, Clayton, Dubuque, 


and Jackson counties, while those | 


included in Wisconsin are Crawford, 
Grant, LaFayette, Iowa, Richland, 
and Sauk. 


New Student Chapter 
Adirondack Section 


At the Annual Fall Meeting of the 
Adirondack Section in Syracuse, 
New York, on November 3, Section 


officers met with students of Syra-| 


cuse University and formally acti- 
vated a new AIME Student Chapter. 
R. J. Grant Fleck, of Jones & Laugh- 
lin Steel Co., Section chairman, ad- 
dressed student officers and repre- 
sentatives of the new chapter. 
George E. Erdman, who serves as 
student relations chairman, was 
named stude::t counselor for the 
new chapter. Chairman Fleck also 
introduced Charles R. Barton, Jr., 
program chairman, Severn P. Brown 
of the Student Relations Commit- 
tee, and N. E. Chute of the Syra- 
cuse University Geology Dept., 
named as faculty sponsor. Dr. 
Chute introduced Frank Dickinson, 
president of the new Student Chap- 
ter, who proudly announced the 
signing up of 23 new student mem- 
bers of AIME at the University. 


Scholarships Offered 


The establishment of four under- 
graduate scholarships in ceramic en- 
gineering at the University of Cali- 


fornia, Berkeley, Calif. was an- 
nounced by C. W. Planje, president 
of Gladding, McBean & Co., on No- 
vember 5, 1956. The scene of the 
offer was the educational meeting of 
high school and junior college coun- 
selors and science teachers, spon- 
sored by the Northern California 
Section, American Ceramic Society. 

The Scholarships which start with 
the 1957-58 school year, will be for 
both the junior and senior years of 
the recipient, provided academic 
standards are maintained. Following 
the awarding of two $500 scholar- 
ships for the junior year, in Septem- 
ber, 1957, two more of the same 
amount will be activated in Sep- 
tember, 1958. 


Information regarding the award- 
ing of the scholarships may be ob- 
tained by writing to: Committee on 
Undergraduate Scholarships, 201 
Administration Bldg., or Professor 
Joseph A. Pask, Ceramic Engineering 
Dept., 164 Hearst Mining Building, 
both at the University of California, 
Berkeley 4, Calif. 


Consultants Please Note: 


The office of the Mining 
Branch Secretary would like 
to revise and bring up to date 
their files on members who 
serve as full time or part time 
consultants to the Mining In- 
dustry. Send a postcard to: Ar- 
nold Buzzalini, Mining Branch, 
AIME, 29 West 39th Street, 
New York 18, New York. 


STYLE PA 


or Chisel Bits, provide fast- 
est penetration in uniform 
rock formations 


STYLE PC 
or Cross Bits, operate with- 
out wedging in fissured or 
formations 


STYLE PX 
or Bits, eliminate rifling 
and produce uniformly 
round blasting holes 


A complete line of 


KENNAMETAL’ Rock Bits 


... for fastest penetration ... improved chip flow... 
long service life with low maintenance 


Kennametal offers three styles of 
Rock Bits. All three are of improved 
design. All have cutting inserts of 
special Kennametal grades devel- 
oped for percussion drilling, which 
combine exceptional hardness with 
toughness. In addition, improved 
brazing techniques assure extra 
strong bond of insert to bit body. 
Each style, thus, has an optimum 
combination of Kennametal grade 
and bit design to meet specific drill- 
ing conditions. 

We invite you to discuss your 
drilling problems with a Kenna- 
metal representative. He will help 


* Trademark of a series of hard tungsten and tungsten-titanium carbides 


INDUSTRY AND 


ENNA MET 
ir Progress 


you select the right style of Kenna- 
metal Rock Bits for each of your 
operations. Or write for additional 
information. KENNAMETAL INC., 
Mining Tool Division, Bedford, Pa. 


KENNAMETAL ROCK BITS 
ARE AVAILABLE 
. three styles 

. «+ Sizes up to 5” in diameter 

+. @ll standard thread, including 
Gardner-Denver thread series 

... for use with new high power 
drills, without adapters 


BITS ROOF BITS) MACHINE BITS) ROCK 
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Joint Solid Fuels Conference Held in Capitol 


The Future Role of Solid Fuels in 
an Expanding Economy was the 
theme of the 19th annual Joint Solid 
Fuels Conference, held October 25 
and 26, 1956, at the Sheraton-Park 
Hotel, Washington, D. C. 

A total of 234 engineers and their 
wives registered for the two-day 
sessions under the joint sponsorship 
of the AIME Coal Division and the 
ASME Fuels Division. The confer- 
ence was arranged with the co- 
operation of the Washington, D. C., 
sections of both organizations. Eleven 
technical papers were presented at 
the four sessions. 


Technical Sessions 


From reports by the speakers, it 
soon became evident that any dis- 
placement of solid fuels would be 
more than offset by such factors as 
new uses of coal, recovery of ground 
lost to competing fuels, and the in- 
crease in demand for energy sources. 

Harry Perry, chief, Bituminous 
Coal Research Branch, USBM, out- 
lined the nature and timing of the 
competition to be expected from nu- 
clear materials, in the paper Impact 
of Atomic Energy on Fossil Fuels, 
of which he was joint author with 
R. C. Dalzell, AEC Chief. 

He pointed out that the use of 
nuclear fuels for process heating 
appears to be farther from realiza- 
tion than generation of power, ex- 
cept in areas where fossil fuel costs 
are extremely high. Nuclear fuel 
for space heating seems to be even 
more remote. 

He added that nuclear propulsion 
of merchant ships was imperative, 
because of the rapid obsolescence of 
our merchant fleet. Nuclear-powered 
replacement will be postponed an- 
other 20 years if the technology is 
not developed in time. 

Conventional aircraft will retain 
their economic advantage for short 
flights for a considerable period of 
time, because of greater operating 
expenses for initial nuclear aircraft. 
In contrast to the potential advan- 
tages of using nuclear fuel in air- 
craft—longer distance of travel and 
greater payloads—or for submarines 
which require no air for combustion, 
he stated that no comparable ad- 
vantages exist for locomotives. 

About 1975, nuclear material will 
obtain the ascendancy in the U. S. 
for power generation. A. Parker of 
the Fuel Research Station, London, 
pointed out that England is already 
importing coal, and expects 40 to 50 
million tons to be replaced by nu- 
clear materials by that year. 

England is improving industrial 
fuel utilization. W. A. Macfarlane, 
chief executive, The National Indus- 
trial Fuel Efficiency Service, report- 
ed that in the second year of opera- 
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L. C. McCabe, Conference Co-Chairman, is 
shown speaking at the Welcoming Luncheon. 


tion, 495 heat and power surveys 
had been made, with many factories 
showing the possibility of a 30 to 40 
pet saving. Economies are possible 
in processes using industrial steam, 
as well as in steam generation. 
Estimates made in other sessions 
varied in detail, but pointed to the 
inevitability of a changing situation 
on energy sources. The two papers 
presented in the final session gave 
specific details on Coal as a Source 
of Power for the Aluminum Indus- 
try and the Changing Market Pat- 
tern for Solid Fuels. The first paper 
noted that the growth in the pro- 
duction of aluminum, with an ex- 
pectancy of 3 million lb in 1960, has 


LeRoy Deming, also Co-Chairman of the en- 
tire Conference, takes his turn on the podium. 


outrun the sources of cheap hydro- 
electric power to which it was orig- 
inally drawn. Other metallurgical 
producers are also attracted to cheap 
power. In the TVA area, this has 
created such a demand for power 
that 60 pct of TVA production is 
now steam-generated. 


George A. Lamb, Pittsburgh Con- 
solidated Coal Co., estimated that 
the industry could look to a four to 
five pct annual increase for some 
years to come, after checking off a 
ten pct decrease annually. 


Joint Fuels Luncheon 


Frank W. Miller, the luncheon 
speaker on Thursday, reminded the 
conference that the time would come 
when coal was no longer economi- 
cally feasible. Far from a shrinking 
future, he found it a challenge to 
provide an abundance now, and to 
be ready for the change when it 
comes. The industry has a great re- 
search responsibility to find new 
uses for coal now, but eventually 
fissionable, fusionable, and _ solar 
sources will be drawn on for energy. 

He stressed the need to contact 
schools and colleges in the interest 
of developing better engineering 
education. 


Felix E. Wormser 


In his Banquet address Felix 
E. Wormser, assistant secretary, 
Department of the Interior, point- 
ed out that one of the world’s 
great concerns today is the source 
of its energy tomorrow. Although 
he predicted a diminishing role for 
solid fuels, percentage wise, he 
added that it did not mean the 
eclipse of the coal industry. 

Nuclear power plants, surprisingly, 
may increase the use of coal, since 
large quantities are used in the pro- 
duction of fuel elements. Electric 
power generation and coking, he 
stated, represent the greatest oppor- 
tunity for coal’s future. 

He also spoke of the importance 
of research, and the fact that few 
individual companies had the neces- 
sary funds to undertake long range 
programs on the scale needed. 

A complete survey of government 
development and research activity 
in solid fuels had been given in the 
afternoon session, with particular 


f 


attention to the Geological Survey’s 
detailed field investigations of coal 
beds in the U. S. and Alaska. 

Concurrently with this program, 
the Survey is also preparing state- 
by-state revised estimates of coal re- 
serves. These are published for 12 
states. The USBM has investigated 
several different methods of under- 
ground gasification of coal. 


John Hadow 


More detail on the methods used 
in British experiments was pre- 
sented by John Hadow of the British 
Scientific Mission to this country, 
who had thoroughly familiarized 
himself with the techniques, in the 
absence of the authors of the paper. 

An idea, reported to be in com- 
mercial operation in Russia, is a 
possible means of utilizing 200 
million tons of coal unavailable be- 
cause of thin seams. If it can be per- 
fected, energy will be available for 
17 cents per million Btu, compared 
with 47 cents for native-mined coal, 
and about 70 cents for imported coal. 

The research activities of the coal 
and associated industries were sum- 
marized in another paper, and 
careful apportionment of projects 
appropriate to private industry, gov- 
ernment, and universities, was sug- 
gested. Harold J. Rose also gave a 
rapid rundown of his tour of Euro- 
pean research facilities. 

Conservation of fuel was important 
in areas where any product with 
less than 72 pct ash is considered 
fuel and 40 pct ash-content fuels 
have been in use for a long time. 
There is great interest in smokeless 
fuels; air-pollution in Belgium re- 
quires headlights at noon. 

In the field of mine safety, Hol- 
land has contributed liquid-filled 
pancakes used for recording the 
strain on roof bolts, and has set up 
a petrographic research lab in a mine. 


Featured Outstanding Speakers, Sessions, Trips 


Several papers were presented on 
fuel technology, all of them con- 
cerned with methods of measuring 
performance. Determination of Heat 
Content of Coal by Regression 
Analysis was an evaluation of this 
method, based on experiments con- 
ducted at the Northwestern Univer- 
sity School of Commerce, Evanston, 
Ill., by Prof. R. L. Pasek, and R. M. 
Lundberg, efficiency engineer, Com- 
monwealth Edison Co., Chicago. 

A combustion symposium consid- 
ered the possibility of correlating 
ignitibility with the burning charac- 
teristics of fuel, the use of a labora- 
tory test as an index of combustion 
performance, the ignitibility of fresh 
fuel, and the reactivity of residual 
carbon. 


Percy Nicholls Award 


The banquet was the occasion for 
the presentation of the Percy Nicholls 
Award for 1956. Chester A. Reed, 
director of the Engineering Dept., 
National Coal Assn., was the fif- 
teenth recipient of the award pre- 
sented for “outstanding achievement 
in the field of solid fuels.” 

As head of the engineering depart- 
ment of NCA, he pioneered the first 
nationwide fuel engineering service 
in the coal industry and was active 
in the organization of Bituminous 
Coal Research, Inc., which he has 


Chester A. Reed 


served for many years as secretary 
and treasurer. He worked with the 
Navy Dept. and other branches 
of the government seeking better 
utilization of coal in government 
plants. On several occasions he rep- 
resented the U. S. Gov’t in Europe 
solving postwar fuel problems. 

He spoke of his association with 
the late Percy Nicholls and what that 
contact had meant to his interest in 
coal research. Born in England in 
1870, Mr. Nicholls came to the U. S. 
in 1897 to begin a lifetime of work 
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on behalf of coal in both private in- 
dustry and government. At his death 
in 1942, he had spent 19 years as 
supervising engineer, Fuels Section, 
Central Experimental Station, Bu- 
reau of Mines at Pittsburgh. 


S. L. Jewell, who served as Toastmaster, 
addresses gathering at Annual Banquet. 


The presentation was made by 
J. B. Morrow, who won the award 
in 1944, and also received the Ers- 
kine Ramsay Gold Medal and the 
Bituminous Coal Research Award. 
He has been chairman and president 
of the Pittsburgh Coal Co., and first 
vice president of its successor, the 
Pittsburgh Consolidation Coal Co. 

All sessions of the conference were 
held at the hotel, with technical ses- 
sions in the Continental Room, 
luncheon and banquet in the Bur- 
gundy Room, cocktail hour in the 
Caribar Room, and committee meet- 
ings in the Mural Room and Madison 
Suite. The latter room was also the 
site of the authors’ breakfasts, held 
each morning for the writers of the 
technical papers. 


Ladies Activities 


The Franklin Room was the cen- 
ter of the Ladies’ Activities which 
included a coffee hour both mornings 
at 9 am. The room also served as 
a gathering point for the special 
tours arranged by Mrs. A. Wiley 
Sherwood, chairman of the commit- 
tee on ladies’ activities. The tours 
included Rock Creek Park, which 
was displaying fall foliage, and a 
visit to the Pakistan Embassy for a 
special tea in their honor. 

They also took a general tour of 
Washington. Luncheon on the first 
day was at Normandy Farms, and on 
the second day it was combined with 
a fashion show at the Sheraton- 
Carlton Hotel. 


id 
4 


the Sections 


e The St. Louis Section met at the 
Hotel York on November 9 to enjoy 
each other’s company at dinner and 
listen to Prof. H. R. Hanley’s account 
of his experiences in Formosa, Asia 
and Europe. Professor Emeritus of 
Metallurgical Engineering at the 
Missouri School of Mines and Met- 
allurgy, “Cap” Hanley returned re- 
cently from a mission for the For- 
eign Operations Administration in 
Formosa. He served as an advisor at 
Cheng Kung University and organ- 
ized a new department of mining 
and metallurgy there. 


e The San Francisco Section held its 
annual joint meeting with the stu- 
dent chapters of the University of 
California and Stanford University 
on Nov. 14 in Berkeley. Cocktails and 
dinner were followed by a technical 
session conducted by graduate stu- 
dents who discussed the research in 
progress at their schools and its sig- 
nificance to industry. 


e The New York Section held a 
meeting at the Mining Club on Oc- 
tober 18, at which D. G. MacKay 
spoke on Latest Airborne Geophysi- 
cal Methods and Techniques. As 
general manager of Aeromagnetic 
Surveys Ltd., Toronto, Mr. MacKay 
brought to his address many years 
of practical experience in airborne 
geophysical work all over the world. 


© The Chicago Section held monthly 
meetings at the Chicago Bar Asso- 
ciation on November 7th and De- 
cember 4th. Featured speaker at the 
November session was Stuart Mc- 
Lain, Associate Director, Argonne 
National Laboratories, whose topic 
was Atomic Developments. The 
ladies were in command at the De- 
cember gathering, with Miss Mer- 
cedes Hurst, Public Relations, Inter- 
national Harvester Co., the principal 
speaker. 


© The Carlsbad Potash Section sent 
a delegation of 23 members to the 
White Sands Proving Grounds to 
witness the firing of two missiles 
and to tour the laboratories. Major 
General W. E. Laidlaw, command- 
ing officer of the post, was the official 
host, with Lt. Cols. H. T. Moses and 
J. P. Hamill directing the tours. 
After a briefing on rockets and 
missiles, the group watched the 
launching of a NIKE two-stage mis- 
sile, and then were provided with 
binoculars with which to observe 
its flight. They next repaired to the 
flight determination laboratory to 
inspect the electronic installations 
which amass and decipher test data. 
The trip was concluded with a 
visit to the electro-mechanical lab- 
oratory where instruments and 
working parts of missiles can be 
tested under the simulated weather 
conditions of any part of the world. 
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*® Members of the Montana Section 
went underground for their second 
annual meeting held in conjunction 
with the Last Chance Gulch Mining 
Association on October 20th. Cock- 
tails, courtesy of the American 
Smelting & Refining Co., were served 
in the Rathskellar of the Montana 
Club, followed by a succulent prime- 
rib banquet. Nor was the grand style 
abandoned during the technical ses- 
sion, as Ernest A. Hose delivered a 
paper on The East Helena Smelter, 
Its History and Operations. In this 
presentation, members and their 
guests were treated to a general 
history of the American Smelting & 
Refining Co., as well as a detailed 
flowsheet of the East Helena plant. 


e News from the Pennsylvania An- 
thracite Section includes both past 
events and future plans. The Sec- 
tion’s Fall Meeting was held in 
Kingston, Pa., on October 26th, and 
featured a talk on High Capacity 
Mining Equipment in the Glen 
Alden Mines by W. W. Everett, Glen 
Alden Corp. Plans for the Spring 
Meeting on April 26, list Hazelton as 
the locale and open-pit mining as 
the featured topic. Donald Dick is in 
charge of arrangements and Wm. C. 
Butler, Jr., will chair the technical 
session. 


@ Members of the El Paso Metals 
Section heard an address by Ariel F. 
Horle at their November 14 meeting 
in the Mirror Room of the Hotel 
Cortez. Mr. Horle, chief engineer in 
the Mexican Dept., American Smelt- 
ing & Refining Co., spoke on Open 
Pit Mining Operations at Concepcion 
Del Oro, Zacatecas, Mexico. 


e The Washington, D. C. Section met 
at the Cosmos Club on November 13 
for cocktails, dinner, and a business 
meeting. Highlight of the evening’s 
program was a talk on Rare Earths 
and Thorium, delivered by Howard 
E. Kremers, technical assistant to 
the president of Lindsay Chemical 
Co. During the business meeting, 
the following slate of officers for the 
1957 term was presented by the 
nominating committee: Rafford L. 
Faulkner, chairman; Charles W. 
Merrill, Bruce C. Netschert, and 
Clifford J. Williamson, vice chair- 
men; Jim Hill and William J. Harris, 
Jr., counsel; and Jesse A. Miller, 
secretary-treasurer. Balloting was 
deferred to their next meeting. 


© The Ajo Sub-Section met at the 
Copper Coffee Shop, in Ajo, Ariz., 
on November 8th to hear a report by 
J. A. Briggs, mine superintendent, 
New Cornelia Branch, Phelps Dodge 
Corp., on his trip to Los Angeles as 
a delegate to the American Mining 
Congress. 


Pathway to Profits is a new 12 min 
film on Trukveyors, in-the-floor type 
conveying systems for moving four- 
wheel platform trucks. This 16 mm 
sound, color film illustrates how 
Trukveyors can solve many prob- 
lems of handling merchandise ship- 
ments, reduce operating costs on 
railroad terminals, warehouses, etc. 
The movie is available free upon 
written request to Public Relations 
Dept., Link-Belt Co., Prudential 
Plaza, Chicago 1, Ill. 


Trukveyors are shown in use, above. 


A 16 mm sound movie of 10 min 
duration on maintenance welding 
operations at Thule Air Base, Green- 
land, is now available. The film de- 
picts special welding techniques and 
procedures necessary to overcome 
maintenance problems arising at 
this remote spot, 900 miles from 
the North Pole, where 30° to 40° 
subzero temperatures and 100 mph 
winds are regularly encountered 
obstacles. The film, entitled Cold 
Welding, is available on a free loan 
basis and may be reserved by writ- 
ing to Technical Information Service, 
Eutectic Welding Alloys Corp., 40-40 
172nd St., Flushing 58, N. Y. 


Southern Geophysical Co., Fort 
Worth, announces the release of a 
16 mm sound, color movie on geo- 
physical operations in south Louisi- 
ana. The 15 min film, called Opera- 
tion Swamp, reviews the work of 
seismic and gravity crews in the 
jungle and marshes of a currently 
active petroleum exploration area. 
It is available on loan to professional 
and student organizations from The 
Cain Organization Inc., 3906 Lem- 
mon Ave., Dallas 19, Texas. 


Modern Talking Picture Service 
Inc. is offering a brochure which de- 
scribes 30 sponsored films on various 
scientific topics. Among the sponsors 
represented are Monsanto, Dow, du- 
Pont, Upjohn, Bethlehem Steel, and 
Conveyor Equipment Manufacturers 
Association. Most of the films are 
concerned with applied science, re- 
search, or technical vocations. The 
announcement is called Modern 
Memos, and may be had, free, by 
writing to Modern Talking Picture 
Service Inc., 3 East 54th Street, New 
York 22, N. Y. 


Recommendations Made 


By Steering Committee 


The National Membership Steer- 
ing Committee offered several rec- 
ommendations which were approved 
at the Board of Directors Meeting 
in November. 

Regarding incentive plans for 
membership, it was decided to 
award one five-year prepayment of 
dues, and four one-year payments to 
five recipients of the Membership 
Award, to be drawn by lot. The 
name of each person who has se- 
cured five new members, is entered 
in the contest. 

Faculty sponsors of student chap- 
ters are to be encouraged through a 
student chapter membership contest. 
The faculty sponsor who wins will 
receive a choice of books handled by 
the Institute, up to a value of $50. 
The four runner-up sponsors will 
get books worth $10. All books will 
be suitably inscribed. 

Membership Chairmen of the two 
Sections winning the National Mem- 
bership Contest will be awarded a 
paper-weight, consisting of an Insti- 
tute Seal Medallion and inscribed 
Outstanding Membership Achieve- 
ment in (year), mounted in a plastic 
block. 

It was also decided to revise the 
recognition of Subsections by the 
Institute. This would permit the 
Secretary of the National Member- 
ship Committee to correspond with 
a Subsection directly, mailing a copy 
to the section, and would thus 
shorten the chain of communication. 


Appointed for 1957 

The following were appointed to 
the 1957 Membership Committee: 

C. E. Golson, chairman; Hugo 
Johnson, mining; C. M. Squarcy, 
metals; Frank Perkins, petroleum; 
David Swan, transfers; E. H. Stev- 
ens, student relations; F. J. Meek, 
board of directors; W. J. Harris, Jr., 
past chairman; H. A. White, delin- 
quents; T. D. Jones, admission; Sam 
Scovil, section relations; C. DeWitt 
Smith, newsletter; H. N. Appleton, 
Secretary; plus Roy O’Brien and 
D. Williams. 


Reactive Metals Meeting 

May 28 and 29, 1957, have been 
selected as the dates for the Second 
Reactive Metals Conference to be 
held in Los Angeles under the spon- 
sorship of the Southern California 
Section of AIME. While a complete 
program has not yet been an- 
nounced, it is known that both tech- 
nical sessions and displays will be 
held at the Ambassador Hotel, and 
that concurrent meetings of the 
Metals and Mining Branches will be 
held on the first day and joint ses- 
sions on the second. Plans for this 
conference on the production, prop- 
erties, and use of the reactive metals 
are being made by a committee of 
nine, under the direction of B. S. 
Mesick of Arthur D. Little Inc., Los 
Angeles. 


WE CAN TELL YOU... 
JUST WHAT YOU’LL FIND 
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Don’t just dig...and hope to find...Call SPRAGUE & 
HENWOOD, and for a nominal cost you'll know just what 
Mother Earth holds in store for you. SPRAGUE & HENWOOD’s 
own manufacturing facilities, and more than seventy years of field 
experience, enables them to obtain the highest percentage of core 
from almost any formation. From this core you can obtain accu- 
rate geologic information . .. no guesswork. 


Write to SPRAGUE & HENWOOD, INC. today for an estimate, 
giving complete information, and it will be on its way to you just 


as quickly as possible . . . without obligation. 


SPRAGUE & HENWOOD, Inc. 
BRANCH OFFICES: NEW YORK e PHILADELPHIA e PITTSBURGH e ATLANTA 


SCRANTON 2, PA. 
BUCHANS, NEWFOUNDLAND e GRAND JUNCTION, COLORADO 
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UET Commissions Plans for Engineering Center in New York 


United Engineering Trustees Inc. 
(UET), the joint corporate agency 
of the four major national engineer- 
ing societies, has signed a contract 
for preliminary architectural plans 
for a new Engineering Center in 
mid-Manhattan, N.Y. This is the 
first definite step toward construc- 
tion of what is expected to make 
New York the engineering capital 
of the world. 

Simultaneous announcements were 
made of the contract grant and the 
re-election of Walter J. Barrett as 


when you need 
LITERATURE SEARCHES 
TRANSLATIONS 
BOOKS ON LOAN 
PHOTOPRINTS 


MICROFILM 


why not contact .. . 


The Engineering Societies 
Library 


33 West 39th Street 
New York 18, N. Y. 


Please send me information 
pamphlet on services available, 
how air mail can expedite 
them, and their cost. 
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President of UET. It was also the 
first formal disclosure that the four 
member societies, and a fifth future 
member, had voted to remain in 
New York. Several other cities had 
striven to obtain the Center. 

The architects named are Shreve, 
Lamb & Harmon Associates, 11 East 
44th Street, N. Y., designers of the 
Empire State Building and the new 
Brooklyn Supreme Court Building. 
The announcement did not indicate 
any details as to specific location, 
cost, or time of completion. 

The present 16-story quarters, 
known as the Engineering Societies 
Building, house the four Founder 
Societies—AIME, ASCE, ASME, and 
AIEE. A fifth prospective Founder 
Society, the AIChE, will be included 
in the Center project. At a recent 
meeting the Board of Trustees of 
UET approved the AIChE as a 
member. This action awaits ratifica- 
tion by the other four Societies. 

The AIChE is now located at 25 
West 45th Street. Occupants of the 
Engineering Societies Building in- 
clude the Engineers Joint Council 
(EJC), which is composed of ten 
major national engineering societies, 
including the Founder group. 

It is believed that preliminary 
plans will be completed early next 
year. The inclination toward a mid- 
Manhattan site is due to the accessi- 
bility of railroad and airline ter- 
minals and convention hotels. 

Financing is expected to run into 
several million dollars. In addition 
to the contributions of the various 
Founder Societies and their mem- 
bers, UET, which has been charged 
with the responsibility of the plan- 
ning, construction and financing of 
the new structure, has received as- 
surances of the cooperation of a 
group of industrialists and educators 
toward the required fund. This 
group is headed by Mervin J. Kelly, 
president, Bell Telephone Labora- 
tories Inc. 

Mr. Barrett, who was elected presi- 
dent of UET last year, is transmis- 
sion maintenance engineer of the 
New Jersey Bell Telephone Co., 
Newark. He represents the AIEE 
on the UET Board of Trustees, is 
treasurer and a director of the In- 
stitute, and also a director of EJC. 

In announcing the contract grant, 
Mr. Barrett said: “. . . The new 
Engineering Center presents a chal- 
lenge to the profession. Engineers 
have planned, designed and con- 
structed outstanding structures of 
all kinds throughout the world. Now 
[they] face the challenge of building 
for themselves a Center that will 
reflect the profession’s dignity and 
stature. It is not likely that [their] 
genius and imagination .. . will fail 
to create ... an appropriate testimo- 
nial to the profession’s achievements. 

“The new building will... contain 


more engineering organizations than 
any other building in this country 
for] in the world. As membership 
and activities have expanded, the 
need for greater space has become 
increasingly pressing. The new Cen- 
ter will make possible occupancy by 
societies not able now to find space 
in the present quarters. 

“UET was established 52 years ago 
‘to advance the engineering arts and 
sciences in all their branches and to 
maintain a free public engineering 
library.’ It owns the Engineering 
Societies Building, [a gift from An- 
drew Carnegie in 1904]. Through the 
Engineering Foundation, it conducts 
research for the advancement of en- 
gineering and for the good of man- 
kind. The library, the largest of its 
kind in this country, works closely 
with the N. Y. Public Library, the 
Library of Congress and other in- 
stitutions. UET also acts in a fidu- 
ciary capacity for a large number of 
joint activities of the major engi- 
neering societies. 

“As it became evident in recent 
years that the present quarters were 
inadequate, many cities pressed to 
have the new Center located in their 
communities. All these were given 
full consideration. A Special Task 
Committee of fifteen, three from 
each of the five societies directly 
concerned, directed a study by an 
independent firm of management 
consultants. Several months ago 
this Committee made recommenda- 
tions to the governing boards of the 
five Societies [which then] voted to 
... remain in New York. 

“On June 8, 1955 a letter, signed 
by 21 men eminent in . . . industry, 
engineering, science and education, 
gave assurances that a well-organ- 
ized, diligent and competent effort 
will be made until the re- 
quired sum is available. .. . It urged 
a thorough-going study of all con- 
siderations in the offers and invita- 
tions of the several cities. The letter 
emphasized that ‘we are agreed that 
the fundamental desirability of ap- 
proaching this matter on a national 
rather than a local basis, transcends 
personal preferences . . .” (Complete 
text of letter appeared on p. 800, 
MINING ENGINEERING, August 1955.) 

McKinsey & Co., management 
consultants, surveyed all factors 
advanced by the cities and recom- 
mended New York. In a report on 
June 22, 1956, forwarded to the gov- 
erning boards of the Societies, the 
Special Task Committee of Fifteen 
reviewed the considerations involved 
and urged that mid-town New York 
be approved. 

It was suggested that if the pres- 
ent site proved to be _ infeasible, 
another location in mid-town be 
chosen. The proposal, which required 
approval of each of the Societies, 
was voted recently. 


Name 
State 


Scholarships Offered For 


Graduate Science Study : SU PERS Et 


The National Science Foundation 
has announced its plan to award 
approximately 800 graduate fellow- 
ships for graduate study in the sci- 
ences during the 1957-1958 academic 
year. Grants will be made only to 
U. S. citizens, and solely on the basis 
of ability, with the proclamation of 
winners scheduled for Mar. 15, 1957. 

These fellowships will be awarded 
in the mathematical, physical, med- 
ical, biological and engineering sci- 
ences. Certain  inter-disciplinary 
fields (e.g., geophysics) are included, 
as are fields of convergence where 
the study of a natural science is in- 
terrelated with some aspect of the @ Mining contractors, ore prospectors, coal operators and con- 
social sciences. struction firms are realizing tremendous savings by taking advan- 

Applications for graduate fellow- tage of our exclusive fabrication service! Contractors send us the 
ships must be submitted by Jan. 7, necessary diamond stones from their own stocks—we hand set them 
1957, to the Fellowship Office of the in a super-hard tungsten carbide crown and braze to the threaded 
National Academy of Sciences, steel blank. Hand-set bits assure the proper positioning of each 
National Research Council, 2101 diamond stone to achieve maximum cutting efficiency. The carbide 
Constitution Ave., N. W., Washing- matrix holds the diamond stones until entirely used up. These ad- 
ton 25. D. C. vantages mean lower drilling costs to you. We can also supply 

ie complete core bits or salvage the stones from used bits at nominal 
cost. Supplied in standard sizes EX, EXE, AX, BX, NX, etc. 


New Eastern Advertising Metal Carbides Corporation 
Manager Appointed Youngstown 7, Ohio 


The appointment of Thomas Orme 
as Eastern Advertising Manager, to 
succeed Warren Smith, who resigned 


recently, was approved at the Exec- & \ 


utive Session of the Board of Direc- 
tors Meeting in November. Wey 


Nominating Committee 


The all-AIME Nominating Com- 
mittee has been abolished. In the 


future, h iet ill h its 

3 BIG ABYABTAGES . . . 

future Institute officers and directors. 1. EXTRA STRONG —c 
2. SUPER HARD 


On the Agenda 3. SHOCK RESISTANT 


For Spring 


Mar. 10-16, 1957—EJC Second Nu- . 


il- complete 

Congress, Convention Hall, Phil } cost, high-quality Talide Tips 
is offered fabricators and 
users for tipping machine bits, 

Mar. 18-19, 1957—AIME Regional rock bite, drill bite, roof bits and 
open-pit bits. All Talide Tips 

Conference on Deep Drawing have @ special suface Saish 
Steels, Engineering Society of De- : that facilitates brazing. Non- 
troit, Detroit. standard shapes and sizes 


adelphia. 


Apr. 8-10, 1957—AIME 40th Open 
Hearth Steel and Blast Furnace, 
Coke Oven, and Raw Materials 
Conference, Penn-Sheraton Hotel, 
Pittsburgh. 


Apr. 11-13, 1957—AIME Pacific HIGH TEMPERATURE ALLOYS 
Northwest Regional Conference, OVER 25 YEARS EXPERIENCE IN TUNGSTEN CARBIDE METALLURGY 
Multnomah Hotel, Portland, Ore. 
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COREB 
Le | Talide Tips for Mining Tools Give These : 


Clarence F. Zeuch is in the mining 
chemical sales department of Dow 
Chemical Co., Midland, Mich. 


PERSONALS 


Charles R. Kuzell and Howard T. 
Brinton have been elected to the 
Board of Directors, Phelps Dodge 
Corp. Mr. Kuzell is vice president 
in charge of Phelps Dodge operations 
in the West and Mr. Brinton is pres- 
ident of Phelps Dodge Copper Prod- 
ucts Corp., a copper fabricating 
subsidiary. 


Arthur M. Ferenz has resigned from 
Carl A. Bays & Associates Inc., Ur- 
bana, IIl., to join the staff engineer- 
ing group, United Fuel Gas Co., 
Charleston, W. Va. 


Watson G. Rasey is employed as a 
mining engineer at Bethlehem Steel 
Co., Cornwall, Pa. 


Dudley L. Davis has resigned from 
the AEC to become general man- 
ager, Bay Shore Mining Co. Inc., 
Corpus Christi, Texas. 


H. T. BRINTON 


John T. Ryan, Jr., is president of 
MSA Research Corp., new subsid- 
iary of Mine Safety Appliances Co., 
Pittsburgh. 


John M. Warde is now minerals 
economist, Union Carbide Ore Co., 
with offices in New York. He was 
formerly a ceramics engineer at 
Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 


Cc. R. KUZELL 

. Kenneth C. B. Morrison has termi- 
W. G. Brown has been promoted nated his association with The Ka- 
from assistant general manager to duna Syndicate Ltd. in Northern 


general superintendent of the Sey- Nigeria, West Africa, and is now at 
mour Manufacturing Co., Seymour, the Institution of Mining and Metal- a 
Conn. lurgy in London, England. J. T. RYAN, JR. 


A truckload of economy for 
a base metals concentrator in 
Northern Quebec... 


Here is the inside story. When we talk of the Linatex 
Pump, we must talk of Linatex around which, quite literally, it is 
designed. This living, natural rubber, is stabilised by a patent pro- 
cess, giving it greater resistance to abrasion than any known 
material. Being resilient, it ‘bounces off’ particles without damage 


Black Diamonds from New- 
castle . . . precious stones of 
Kimberley . . . in fact any- 
where in the world where 
engineers have solved the 


problem of pumping abras- to itself. Thus by lining our pump with Linatex we greatly reduce 
ive solids in suspension wear. Also the impeller, of solid Linatex, is virtually indestruct- 
economically—you will find ible. Compact and easily accessible for routine inspections the PUMP the most 
the Linatex Pump at work. pump also features a patented hydrostatic gland and alternative 


lasting pump in the world 


types of packed glands. 


AUSTRALIA | 6 of the 15 Linatex factories in the world my 
Linatex (Australia) Pty. Led., Any of them willsee that your enquiries 


David , Dand : . A ille, 
receive energetic action 


CANADA ENGLAND MALAYA STH. AFRICA 


Wilkinson Linatex Co. Ltd., Wilkinson Rubber Linatex Ltd., The Wilkinson Process R. J. Spargo Ltd., 
P.O. Box 1310, Station O., Camberley, Surrey Rubber Co. Ltd., Batu Caves, P.O. Box 7128, Johannesburg 
Montreal 9, Quebec England Selangor, Fed. of Malaya S. Africa 
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H. A. SHIFFER 


Harvey A. Shiffer, president of H. A. 
Shiffer Associates Inc., has been 
elected chairman of the board of 
trustees, Pacific Institute of Earth 
Sciences, Atomic Energy, and Solar 
Radiation. 


Jack Q. Jones has joined the Shat- 
tuck Dinn Mining Corp. in Prescott, 
Ariz. He was formerly pilot plant 
section leader, National Lead Co. 
Inc., Grand Junction, Colo. 


Ray A. Lehner has been promoted 
from chief engineer to manager, 
coal cutter and rotary drill prod- 
ucts, Joy Mfg. Co., Claremont, N. H. 


Otto L. Hunsaker, formerly with 
Marcona Mining Co., Lima, Peru, is 
now in Guatemala City with Thomp- 
son-Cornwall Inc. 


Lynn Hersey has left Miami, Ariz., 
for Los Angeles where he is asso- 
ciated with Pacific Coast Borax Co. 


Clifford A. Mark has been promoted 
and transferred to the Columbia- 
Geneva Steel Div., U. S. Steel Corp., 
San Francisco, where he is geologi- 
cal engineer in the Raw Materiais 
Development Dept. 


Charles W. Berry is mining engineer, 
Reserve Mining Co., Babbitt, Minn. 
He had been with U. S. Steel Corp. 
in Virginia, Minn. 

George Maddox of Berkeley, Calif., 
has taken a position with American 


Smelting & Refining Co., Chihuahua, 
Mexico. 


Richard D. Riddell, former profes- 
sional engineer and transitman for 
Phelps Dodge Corp., Lowell, Ariz., is 
Cochise County engineer, Bisbee, 
Ariz. 


Frederic H. Megerth has joined 
American Smelting & Refining Co., 
Garfield, Utah, as a metallurgist. 


Hirsch Loevenstein is now research 
director, Harvey Aluminum, Tor- 


rance, Calif. He was formerly ad- 
ministrative engineer for Harvey 
Aluminum of U. S., Salem, Ore. 


W. Keith Buck is chief of the Min- 
eral Resources Div., Dept. of Mines 
& Technical Surveys, Ottawa. He 
had been senior scientific officer 
mines at the Mines Branch. 


G. F. Hunt is now with The Consoli- 
dated Diamond Mines of South-West 
Africa Ltd., Oranjemund, S. W. 
Africa. He was formerly with 
Premier (Transvaal) Diamond Min- 
ing Co. Ltd., Cullinan, Transvaal. 


E. T. Knight is general manager for 
New York & Honduras Rosario Min- 
ing Co. at Minas El Mochito, Via 
Jaral, Honduras. 


Lawrence F. Hurley is sales and 
service representative for Hercules 
Powder Co., Midland, Texas. 


Bruce M. Lane, formerly of Metals 
Research Laboratories, Union Car- 
bide & Carbon Corp., is now with 
Arthur D. Little Inc., Cambridge, 
Mass. 


John A. Christensen, formerly with 
Pacific Western Oil Corp., is now 
employed by Olympic Maritime Co., 
Monte Carlo, Monaco. 


George A. Beattie has resigned as 
underground manager, Radium Hill 
Mine, So. Australia, to become gen- 
eral manager, Golden Plateau N. L.., 
Cracow, Queensland. 


Herbert W. Hall, of the International 
Sales Div., Dorr-Oliver Inc., is now 
working in Lima, Peru. 


Over 


South Main St. 


Telephone WEst 
Contact Salt Lake City Office 


Half Century 


Experience in 


Exploration and Development 

Diamond Core Drilling 

Rock Breaking Grouting ¢ 
Shaft Sinking 

Mining Quarrying 

and Tunnel Driving 

Full details on request 


avies 


DRILLING COMPANY 
Dial HUnter 4-440] 
Salt Lake City, Utah 

ane KE 4-0062 ond WA 42614: 


Tyler Screen Sections 
for All Makes 
of Screening Machines! 


k ible stretching an 


| successful screening and long screen life. 


THE W. S. TYLER COMPANY 
: CLEVELAND 14, OHIO 
Manufacturers of Woven Wire Screens and Screening Machinery 


Canadian Plant—St. Catharines, Ontario, Canada 
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Screen sections of Tyler Woven Wire are fabri- 
cated for all makes of vibrat 
mesh or metal. They are made up with hook-strip 
or bent-edge construction to suit the machine on 
which they are to be used. 


Tyler rugged, accurately-applied 
e 
| for 


ing screens in any 


maintaining 
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F. H. MADISON 


Frank H. Madison has become an 
associate member of Behre Dolbear 
& Co. Inc., a New York consulting 
firm, following his resignation from 
the Internal Revenue Service and 
U. S. Treasury Dept., where he was 
chief of the Mining Section (Natural 
Resources) and Principal Engineer 
(Mining). 


George C. Trevorrow, formerly of 
The Paul Weir Co. in Turkey, is now 
with the Bituminous Coal Operators’ 
Assn. in Washington, D. C. 


Andre L. Brichant has completed his 
three-year mission to Indonesia as a 
United Nations technical expert, 
and will now have his office at U. N. 
headquarters in New York. 


D. T. Schueler, Jr., has left his posi- 
tion as mine and mill superintend- 
ent, Castella Mining & Milling Co., 
and is now an engineer with the 
University of California Radiation 
Laboratory, Livermore, Calif. 


S. B. Dickinson, formerly employed 
as a mining geologist by the Aus- 
tralian Dept. of Mines, is now with 
Rio Australian Exploration Pty. Ltd. 
in Melbourne as managing director. 


C. M. F. PETERS 


Chester M. F. Peters is assistant 
project manager at Kaiser Alumi- 
num & Chemical Co., Belem, Brazil. 
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Edward Sadar of Princeton, B. C., is 
now with Cerro de Pasco Corp., 
Morococha, Peru. 


S. H. Reed, Jr., is superintendent of 
operations, Chilete Unit, Northern 
Peru Mining Corp., Pacasmayo, Peru. 


Glenn S. Wilder has departed from 
Westfield, N. J., for a position with 
South African Cyanamid (Pty.) Ltd., 
Johannesburg, Union of South Africa. 


H. M. SCRUGHAM 


Hal M. Scrugham of U. S. Steel 
Corp. has transferred to the Lynch, 
Ky., district where he is chief in- 
spector for Central Operations, 
Coal Div. He had been superinten- 
dent of the No. 6 mine, Gary, W. Va. 


A. W. GORING 


Arthur W. Goring, formerly of Kane 
Creek Uranium Corp., and Union 
Carbide Nuclear Co., is now super- 
intendent of the Uranium Div., New 
Idria Mining & Chemical Co., Gate- 
way, Colo. 


Charles R. Funk is manager of met- 
allurgy and engineering at ALCO 
Products Inc., Latrobe, Pa. 


H. Kenneth Spaulding and Joseph 
J. Bosze have been promoted at the 
Perth Amboy plant, American 
Smelting & Refining Co. Spaulding 
becomes assistant general plant 
manager, while Bosze will superin- 
tend the copper refinery and by- 
products departments. 


S. KORMAN 


Samuel Korman of the Research 
Dept., Phelps Dodge Corp., is serv- 
ing as adjunct professor in the 
metallurgical division, Dept. of Me- 
chanical Engineering, Polytechnic 
Institute of Brooklyn, where he is 
giving evening courses on strategic 
metals at the graduate level. 


Marcus Digre has left Sydvaranger 
Iron Ore Co., Kirkenes, Norway, for 
the Mineral Dressing Laboratory, 
N.T.H., Trondheim, Norway. 


Jack H. McWilliams has transferred 
from Arkansas to the Pittsburgh 
office of the Mining Div., Aluminum 
Co. of America. 


Matthew J. Piccini is mine foreman 
for Braden Copper Co., Rancagua, 
Chile. 


G. J. Salmi is now with Mina Tiro 
General, Charcas, Mexico. 


John Duff Erickson has returned 
from the Army and is employed by 
Kennecott Copper Corp., Murray, 
Utah. 


W. F. THOMAS 


W. F. Thomas, general manager, Van 
Dyk Consolidated Mines Ltd., Trans- 
vaal, Union of South Africa, has 
been elected president, Association of 
Mine Managers of South Africa for 
1956-1957. 


| 
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Edward S. McGlone, executive vice 
president, Anaconda Co., is chair- 
man of the Non-Ferrous Metals Div. 
of the 5lst annual fund drive of the 
Travelers Aid Society of New York. 


D. E. TERRY 


David E. Terry has been promoted 
to product manager, Chemical Div., 
General Mills Inc., Kankakee, Ill. 
Formerly district sales manager in 
Kansas City, Mr. Terry will be re- 
sponsible for fatty nitrogen sales 
and promotional activity for the 
division. He has been with the com- 
pany since 1939. 


William G. Stevenson has resigned 
as geologist, National Metallurgical 
Co., Springfield, Ore., to join Ameri- 
can Smelting & Refining Co. in Van- 
couver, B. C., Canada. 


Gerald M. Friedman is senior re- 
search engineer for Stanolind Oil 
and Gas Co. in the geological ex- 
ploration section at Tulsa, Okla. 


Peter W. Richardson is assistant 
mine superintendent, Acupan Mine, 
Balatoc Mining Co., Baguio City, 


Jachin M. Forbes has terminated his 
employment with C. Tennant Sons & 
Co., New York, and is now with 
W. H. Muller, New York. 


Lawrence Adler is assistant pro- 
fessor, Dept. of Mining Engineering, 
Lehigh University, Bethlehem. He 
was formerly inspector, Dept. of 
Water & Power, Los Angeles. 


I. R. Corey has left Tulsequah, B. C., 
Canada, for St. Patrick’s Copper 
Mines Ltd., Avoca, Ireland. 


Mostyn G. Grant has been trans- 
ferred from Tucson to the San Fer- 
nando, Calif., operations of Cyprus 
Mines Corp. 


James B. Scott is resident geologist, 
Cia Minera Asarco, S. A., operations 
in Santa Barbara, Mexico. 


M. L. Patton, vice president of 
Truax-Traer Co., Cincinnati, recent- 
ly was elected executive vice presi- 
dent of the Bituminous Coal Insti- 
tute, and will serve as the active 
directing head on a nonsalary basis. 


SYVTRON 


a-c to d-c 


POWER CONVERSION UNITS 


Provide complete automatic, low cost a-c to d-c power conversion 
in one single package. SYNTRON Power Conversion Units contain 
heavy duty Selenium Rectifiers, automatic voltage regulation. They 
require no warm up time. SYNTRON POWER CONVERSION 
UNITS have a high overload capacity, able to withstand high over- 
loads for short, infrequent periods without damage. All units are 
designed to meet the rigid requirements of the Mining Industry— 
rated for continuous operation. SYNTRON Power Conversion Units 
have a proven record in the mining field, a record of dependability, 
high efficiency, long life and low cost, simple maintenance. They 
are compact, easy to install, can be located on any flat surface. They 
save valuable space. Let SYNTRON solve your Power Conversion 
problems. 


Other SYNTRON Equipment 
of proven dependable Quality 


ROCK 
DRILLS 


VIBRATORY 
FEEDERS 


TEST SIEVE 
SHAKERS 


Provide fast, accurate, uniform Feed bulk meoteriais at con- Completely self-contained— 
sizing of test materials. trolled rates from fine powders Easily portable. Automatic ro- 
Equipped for te time to heavy rock—damp or dry. tation of drill steels. Drills at 
testing. rate of 2 feet per minute. 
Blows holes clean 13 feet deep. 

Write today for complete catalogue dato—Free 


SYNTRON COMPANY | | 


Homer City, Penna. 


554 Lexington Ave. 
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F. H. MADISON 


Frank H. Madison has become an 
associate member of Behre Dolbear 
& Co. Inc., a New York consulting 
firm, following his resignation from 
the Internal Revenue Service and 
U. S. Treasury Dept., where he was 
chief of the Mining Section (Natural 
Resources) and Principal Engineer 
(Mining). 


George C. Trevorrow, formerly of 
The Paul Weir Co. in Turkey, is now 
with the Bituminous Coal Operators’ 
Assn. in Washington, D. C. 


Andre L. Brichant has completed his 
three-year mission to Indonesia as a 
United Nations technical expert, 
and will now have his office at U. N. 
headquarters in New York. 


D. T. Schueler, Jr., has left his posi- 
tion as mine and mill superintend- 
ent, Castella Mining & Milling Co., 
and is now an engineer with the 
University of California Radiation 
Laboratory, Livermore, Calif. 


S. B. Dickinson, formerly employed 
as a mining geologist by the Aus- 
tralian Dept. of Mines, is now with 
Rio Australian Exploration Pty. Ltd. 
in Melbourne as managing director. 


C. M. F. PETERS 


Chester M. F. Peters is assistant 
project manager at Kaiser Alumi- 
num & Chemical Co., Belem, Brazil. 
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Edward Sadar of Princeton, B. C., is 
now with Cerro de Pasco Corp., 
Morococha, Peru. 


S. H. Reed, Jr., is superintendent of 
operations, Chilete Unit, Northern 
Peru Mining Corp., Pacasmayo, Peru. 


Glenn S. Wilder has departed from 
Westfield, N. J., for a position with 
South African Cyanamid (Pty.) Ltd., 
Johannesburg, Union of South Africa. 


H. M. SCRUGHAM 


Hal M. Scrugham of U. S. Steel 
Corp. has transferred to the Lynch, 
Ky., district where he is chief in- 
spector for Central Operations, 
Coal Div. He had been superinten- 
dent of the No. 6 mine, Gary, W. Va. 


A. W. GORING 


Arthur W. Goring, formerly of Kane 
Creek Uranium Corp., and Union 
Carbide Nuclear Co., is now super- 
intendent of the Uranium Div., New 
Idria Mining & Chemical Co., Gate- 
way, Colo. 


Charles R. Funk is manager of met- 
allurgy and engineering at ALCO 
Products Inc., Latrobe, Pa. 


H. Kenneth Spaulding and Joseph 
J. Bosze have been promoted at the 
Perth Amboy plant, American 
Smelting & Refining Co. Spaulding 
becomes assistant general plant 
manager, while Bosze will superin- 
tend the copper refinery and by- 
products departments. 
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S$. KORMAN 


Samuel Korman of the Research 
Dept., Phelps Dodge Corp., is serv- 
ing as adjunct professor in the 
metallurgical division, Dept. of Me- 
chanical Engineering, Polytechnic 
Institute of Brooklyn, where he is 
giving evening courses on strategic 
metals at the graduate level. 


Marcus Digre has left Sydvaranger 
Iron Ore Co., Kirkenes, Norway, for 
the Mineral Dressing Laboratory, 
N.T.H., Trondheim, Norway. 


Jack H. McWilliams has transferred 
from Arkansas to the Pittsburgh 
office of the Mining Div., Aluminum 
Co. of America. 


Matthew J. Piccini is mine foreman 
for Braden Copper Co., Rancagua, 
Chile. 


G. J. Salmi is now with Mina Tiro 
General, Charcas, Mexico. 


John Duff Erickson has returned 
from the Army and is employed by 
Kennecott Copper Corp., Murray, 
Utah. 


W. F. THOMAS 


W. F. Thomas, general manager, Van 
Dyk Consolidated Mines Ltd., Trans- 
vaal, Union of South Africa, has 
been elected president, Association of 
Mine Managers of South Africa for 
1956-1957. 
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Edward S. McGlone, executive vice 
president, Anaconda Co., is chair- 
man of the Non-Ferrous Metals Div. 
of the 51st annual fund drive of the 
Travelers Aid Society of New York. 


D. E. TERRY 


David E. Terry has been promoted 
to product manager, Chemical Div., 
General Mills Inc., Kankakee, II. 
Formerly district sales manager in 
Kansas City, Mr. Terry will be re- 
sponsible for fatty nitrogen sales 
and promotional activity for the 
division. He has been with the com- 
pany since 1939. 


William G. Stevenson has resigned 
as geologist, National Metallurgical 
Co., Springfield, Ore., to join Ameri- 
can Smelting & Refining Co. in Van- 
couver, B. C., Canada. 


Gerald M. Friedman is senior re- 
search engineer for Stanolind Oil 
and Gas Co. in the geological ex- 
ploration section at Tulsa, Okla. 


Peter W. Richardson is assistant 
mine superintendent, Acupan Mine, 
Balatoc Mining Co., Baguio City, 


Jachin M. Forbes has terminated his 
employment with C. Tennant Sons & 
Co., New York, and is now with 
W. H. Muller, New York. 


Lawrence Adler is assistant pro- 
fessor, Dept. of Mining Engineering, 
Lehigh University, Bethlehem. He 
was formerly inspector, Dept. of 
Water & Power, Los Angeles. 


I. R. Corey has left Tulsequah, B. C., 
Canada, for St. Patrick’s Copper 
Mines Ltd., Avoca, Ireland. 


Mostyn G. Grant has been trans- 
ferred from Tucson to the San Fer- 
nando, Calif., operations of Cyprus 
Mines Corp. 


James B. Scott is resident geologist, 
Cia Minera Asarco, S. A., operations 
in Santa Barbara, Mexico. 


M. L. Patton, vice president of 
Truax-Traer Co., Cincinnati, recent- 
ly was elected executive vice presi- 
dent of the Bituminous Coal Insti- 
tute, and will serve as the active 
directing head on a nonsalary basis. 


SYVTRON a-c to d-c 
POWER CONVERSION UNITS 


Provide complete automatic, low cost a-c to d-c power conversion 
in one single package. SYNTRON Power Conversion Units contain 
heavy duty Selenium Rectifiers, automatic voltage regulation. They 
require no warm up time. SYNTRON POWER CONVERSION 
UNITS have a high overload capacity, able to withstand high over- 
loads for short, infrequent periods without damage. All units are 
designed to meet the rigid requirements of the Mining Industry— 
rated for continuous operation. SYNTRON Power Conversion Units 
have a proven record in the mining field, a record of dependability, 
high efficiency, long life and low cost, simple maintenance. They 
are compact, easy to install, can be located on any flat surface. They 
save valuable space. Let SYNTRON solve your Power Conversion 
problems. 


Other SYNTRON Equipment 
of proven dependable Quality 


VIBRATORY ROCK 
FEEDERS DRILLS 


TEST SIEVE 
SHAKERS 


Provide fast, accurate, uniform Feed bulk materials at con- Completely self-contained— 
sizing of test materials. trolled rates from fine powders Easily portable. Automatic ro- 
Equipped for accurate time to heavy rock—damp or dry. tation of drill steels. Drills at 
testing. rate of 2 feet per minute. 

Blows holes clean 13 feet deep. 


Write today tor complete catalogue date—Free 


SYNTRON COMPANY | 


554 Lexington Ave. Homer City, Penna. 
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OBITUARIES 


William Wraith, Sr. 


An Appreciation by 
R. B. Caples 


William Wraith, Sr. (Legion of 
Honor Member 1903), retired execu- 
tive of several of Anaconda Co. sub- 
sidiary and affiliated companies, died 
in Long Beach, Calif. on Oct. 10th, 
1956, at the age of 83 years. Born in 
England on Nov. 23, 1872, Mr. 
Wraith came to the U. S. with his 
parents in 1884, and became an 
American citizen in 1900. After 
some study at the University of Ili- 
nois, he received his B.S. degree in 
mining engineering in 1894 from 
Michigan College of Mines and Tech- 
nology which awarded him a doc- 
torate in engineering in 1938. 

Mr. Wraith first entered the em- 
ploy of the Santa Fe Railroad as an 
engineer in its Fuel Dept., remaining 
there through 1896. In 1897, he be- 
came associated with the Anaconda 
Copper Mining Co. as a construction 
engineer, remaining in that capacity 
until 1906, when he became assistant 
superintendent of the Anaconda Re- 
duction Works, and later general 
superintendent of the plant. He left 
Anaconda in 1913 to become general 
manager of International Smelting & 
Refining Co., a subsidiary of Ana- 
conda Copper, at Salt Lake City. 

In 1918 he was transferred to the 
New York office of Anaconda Cop- 
per and became executive vice pres- 
ident of Andes Copper Mining Co., 
where he had full charge of the de- 
velopment and operation of the mine 
and treatment plants until his retire- 
ment in 1945. 

In 1923, Mr. Wraith was elected a 
director and vice president of 
Greene Cananea Copper Co., and for 
the next twenty-two years ably 
directed operations at Cananea. 
Under his leadership, the great Col- 
orado orebody was developed in 
1927. During World War II, Can- 
anea brought into production its 
first open pit project and erected a 
modern crushing plant and concen- 
trator to treat the large reserves of 
low grade ore in the Cananea dis- 
trict. Also in 1923, Mr. Wraith was 
elected a vice president and a direc- 
tor of the Inspiration Consolidated 
Copper Co., holding this position 
until his retirement. 

He became a director and execu- 
tive vice president of Chile Explora- 
tion Co. and Chile Copper Co. in 
1940. 

Although Mr. Wraith retired from 
active administrative duties in 1945, 
he continued as a consultant to Ana- 
conda until his death. 

AIME Director from 1931 to 1941, 
Mr. Wraith was elected to its Legion 
of Honor in 1953. In 1949 he re- 
ceived the James Douglas Gold 
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Medal for Distinguished Achieve- 
ment in Nonferrous Metallurgy. Mr. 
Wraith, who was also a member of 
ASME, established an outstanding 
record as a leader in the mining and 
metallurgical profession. Much of 
the development of the Anaconda 
Co. subsidiaries can be credited to 
his unusual professional skill and 
business judgment. 

Mr. Wraith is survived by his wife, 
Mrs. Erma Wraith; a daughter, Mrs. 
Erma Carstens of Torrance, Calif.; 
and a son, William Wraith, Jr., of 
Springfield, N. J. 


Stanley N. Graham (Legion of Honor 
Member 1906) died at his home in 
Kingston, Ont., on February 21, 1956. 
Born in Belleville, Ont., Canada, in 
1878, Mr. Graham was educated at 
Queens University in Canada, re- 
ceiving a B.Sc. degree in civil en- 
gineering in 1900, and in mining en- 
gineering in 1903. After several 
years’ work with Canadian railway 
and mining companies, Mr. Graham 
turned to the academic profession, 
becoming professor of mining engi- 
neering at Nova Scotia Technical 
College in 1913. He accepted a sim- 
ilar position at Queens University in 
1920, where he taught until his re- 
tirement in 1948. At that time, he 
was named Professor Emeritus and 
head of the department, and pre- 
sented with an honorary LL.D. 
Active in CIM, Dr. Graham was des- 
ignated a Life Member in 1932. 


James L. Head (Member 1915) died 
on June 3, 1956, at the age of 61. He 
had served as an AIME director 
from 1949 to 1952. A graduate of the 
Missouri School of Mines & Metal- 
lurgy, Mr. Head had many years of 
mining experience with such firms 
as the Braden Copper Co., Cerro de 
Pasco Corp., Chile Exploration Co., 


and Anaconda Copper Mining Co. 
He also served his country as a U. S. 
Army lieutenant in World War I, 
and on the War Production Board 
as a $l-a-year man during World 
War II. Very active in professional 
organizations, Mr. Head had been an 
officer of United Engineering Trus- 
tees, the Engineering Societies Li- 
brary, the Mining and Metallurgical 
Society of America, and the Society 
of American Military Engineers. 


Neal Ham (Member 1949) was killed 
in an automobile accident Mar. 7, 
1956. Born in Georgia in 1897, he was 
educated at the University of Bir- 
mingham, England, and the Colorado 
School of Mines. He received the 
B.S. and E.M. degrees from the 
Missouri School of Mines. Following 
18 years of service with Ingersoll 
Rand Co. as a sales engineer, Mr. 
Ham became chief of the Blower 
Branch, War Production Board, in 
1942. He returned to Ingersoll Rand 
in 1944 as St. Louis branch manager. 


Francis T. Donahoe (Member 1914) 
died of a heart condition at George- 
town Hospital, Washington, D. C., on 
May 3, 1956. He was 74 years old. 
A native of Ishpeming, Mich., he 
was a graduate of the Michigan Col- 
lege of Mines and Technology, and 
of Columbus University, Washing- 
ton, D. C., from which he received 
a bachelor of laws degree. Follow- 
ing a mining career in Michigan and 
Montana, Mr. Donahoe went to work 
for the Internal Revenue Service, 
where he created the Engineering 
and Auditors Section of the Chief 
Counsel’s Office. He headed this 
unit at the time of his retirement in 
1951, when he was awarded the 
Treasury Department’s Gallatin 
Award. 


panies in the world; and 


1931 to 1941; and 


be it 


November 16, 1956 


Memorial Resolution 


WILLIAM WRAITH, SR. 


WHEREAS, with the passing of William Wraith, Sr. at his home in 
Long Beach, California, on October 10th, 1956, The American Institute 
of Mining, Metallurgical and Petroleum Engineers has lost one of its 
most distinguished members; and 


WHEREAS, Mr. Wraith was, during his active life, one of the most 
prominent engineers in the Mining and Metallurgical profession, an 
officer and director of some of the larger mining and smelting com- 


WHEREAS, he had been a member of The American Institute of Min- 
ing, Metallurgical and Petroleum Engineers since 1903 and a member 
of its Legion of Honor since 1953, and had served as a Director from 


WHEREAS, he had received the James Douglas Gold Medal for dis- 
tinguished achievement in Nonferrous Metallurgy in 1949; therefore, 


RESOLVED, that The American Institute of Mining, Metallurgical and 
Petroleum Engineers, records with deep sorrow the loss of this dis- 
tinguished engineer, friend, and member; and be it further 


RESOLVED, that this Resolution will be spread on the minutes of this 
meeting and a copy sent to the family of the late William Wraith, Sr. 


AIME Board of Directors 


John T. Lewis, Jr. (Member 1942) 
died in Salt Lake City on May 2, 
1956. His first mining job was with 
the Gray Eagle Copper Co. in Cali- 
fornia, after which he served as a 
sergeant, U. S. Army Engineers, in 
1918-1919. After the war, he went to 
Mexico as mill shift boss for the San 
Luis Mining Co., and later worked 
for Minas del Tajo. Following 15 
years of service to Cia de Real del 
Monte y Pachuca in Mexico, he be- 
came manager of the Bayard Dept., 
U. S. Smelting & Refining Co., Bay- 
ard, N. M. 


James G. Miller (Member 1952) 
died on May 6, 1956, at the age of 
63. A native of Yoncalla, Ore., he 
graduated from Cornell University. 
From 1923 to 1930, Mr. Miller was 
employed by the American Potash 
& Chemical Co., and the Clark 
Chemical Co., after which he joined 
Westvaco Mineral Products Div., 
Food Machinery & Chemical Corp. 
At the time of his death, he was 
manager of sales development for 
Westvaco. 


Harry M. Moses (Member 1938), a 
native of Westville, IL, died on 
Apr. 1, 1956, at the age of 59. Fol- 
lowing his attendance at Wabash 
College, Crawfordsville, Ind., Mr. 
Moses joined U. S. Fuel Co., Dan- 
ville, Ill. In 1933, he became assist- 
ant general superintendent of U. S. 
Coal & Coke Co., Gary, W. Va., and 
was soon promoted to general super- 
intendent. He was president of H. C. 
Frick Coke Co., Pittsburgh, until 
1950, when he joined the Bituminous 
Coal Operators’ Association, Wash- 
ington, D. C. 


Date Date of 
Elected Name Death 
1954 Carey S. Allen Sept. 9, 1956 


1909 Daniel M. Armstead July 13, 1956 


1954 Donald K. Auld Unknown 
1952 C. H. Bacon Unknown 
1910 A. W.G. Bleeck Oct. 26, 1956 
1918 Melvin Brugger June 23, 1956 
1940 Corwin L. Cooper Unknown 
1933 Ronald F. Crawford Feb. 21, 1956 
1955 Lynn DeSmyter Apr. 1, 1956 
1935 John L. Draeger Nov. 5, 1956 
1914 Rudolph Ericson Unknown 
1942 C. E. Hough Unknown 
1956 John E. House Mar. 23, 1956 
1931 Thomas Z. Humphrey Dec. 28, 1955 
1937 J.C. Jones Dec. 25, 1955 
1944 John E. Jones Sept. 12, 1956 
1941 Ray S. Kail July 15, 1956 
1910 Stuart B. Marshall Nov. 13, 1956 
1934 J.H. Marsman May 1956 
1951 Philip J. McGuire August 1956 
1914 J. Edwin Miller Mar. 23, 1956 
1939 Granville Parker June 1956 
1939 John F. Paterson Apr. 9, 1956 
1920 Charles William Plumb May 7, 1956 
1932 Robert H. Ridgway Oct. 26, 1956 
1902 William Russell 

Legion of Honor October 1956 
1925 William B. Senseman April 1956 
1925 Henry Benning Spencer July 4, 1956 
1951 John G. Sullivan Feb. 22, 1956 
1938 Oliver R. Taggart Oct. 13, 1956 
1952 T.C. Wiedenhoefer July 24, 1956 


Clarence George Willard July 13, 1956 


MEMBERSHIP 


Proposed for Membership 
Mining Branch, AIME 


Total AIME membership on Nov. 30, 1956, 
was 26,071; in addition 3,110 Student Asso- 
ciates were enrolled. 


ADMISSIONS COMMITTEE 
R. B. Caples, Chairman; F. A. Ayer, Vice- 
Chairman; A. C. Brinker, R. H. Dickson, C. 
R. Dodson, R. B. Fulton, T. D. Jones, F. W. 
Hanson, Sidney Rolle, F. T. Sisco, O. B. J. 
Fraser, F. W. McQuiston, Jr., A. R. Lytle, 
L. P. Warriner. 


The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 


John W. Adams, Ishpeming, Mich. 

G. T. Beardshear, Hibbing, Minn. 
Andrew M. Bishop, Morenci, Ariz. 

G. H. Bloomfield, Crested Butte, Colo. 
F. Brasseur, Crespin, France 

Cc. O. Campbell, Buffalo 

Patrick J. Capone, Yatesville, Pa. 
Edward J. Carroll, Bedford, Pa. 

D. M. Checkley, Gates Mills, Ohio 
Thomas L. Cinkovich, Anchorage. Alaska 
Walter E. Cooke, Big Stone Gap, Va. 
David H. Crockett, Salt Lake City 
Norton Evans Croft, Milwaukee 

Orten E. Duling, San Francisco 
Gordon H. Dunn, Indiana, Pa. 

R. J. Easter, Dinamita, Mexico 

Walter K. Farst, Zanesville, Ohio 

F. A. Fell, Balmertown, Ont., Canada 
M. S. Fisher, Battle Mountain, Nev. 
Edward P. Fuller, Jr., Naco, Ariz. 
Charles L. Glover, Wyoming, W. Va. 
Dorothy J. Gore, Elsah, Ill. 

A. E. Hamiet, Corbin, Ky. 

Walter H. Hood, Duluth 

Paul Mortimer Hopkins, Golden, Colo. 
Kenneth E. Hunter, Pasadena, Calif. 
Roy D. Joseph, Johnstown, Pa. 

Harry E. LeGrand, Raleigh, N. C. 

H. Douglas Lunt, Cedar City, Utah 
James P. Murphy, Missoula, Mont. 
David W. Owens, Basking Ridge, N. J. 
Weller A. Phillips, Oakland, Calif. 
Roman A. Reiner, Silver Bell, Ariz. 
A. N. Robinson, Manila, P. 1. 

Robert B. Rowe, Sarnia, Ont., Canada 
John L. Sharrer, lronwood, Mich. 
Velio Talamelli, W. Wyoming, Pa. 

E. C. Villasenor, Cosala, Mexico 
Edward Von Moss, Commerce, Okla. 
D. H. Watson, Johannesburg, South Africa 
W. A. Weimer, Belleville, Ill. 

G. A. White, St. Catherines, Ont., Canada 


Associates 


Chas. L. Gilmore, Sacramento, Calif. 
Asher Gruenberg, Skokie, Ill. 
Thomas E. Martin, Washington, D. C. 
Charles C. Nolan, San Francisco 
Wm. M. Raynor, Philadelphia 
Warren B. Richardson, Reno, Nev. 


Juniors 


Howard Reid Craig, Jr., Pacasmayo, Peru 

E. Kennard Fletcher, West Chelmsford, Mass. 
Bernard J. Fuller, Monticello, Utah 

Scott D. Huntsman, Salt Lake City 

David P. King, Ozark, Ala. 

Stanley L. Menges, Morenci, Ariz. 

Jerald Palmer, Monticello, Utah 

Rodney K. Pertile, Calumet, Minn. 


CHANGE OF STATUS 


Associate te Member 


Henry B. Farrey, Benton, Wis. 

H. D. Moulton, Jr., Midland, Mich. 
John F. Schultze, Isabella, Tenn. 
W. Norman Sims, New York 


REINSTATEMENT 


Members 


T. S. Bridges, Birmingham, Ala. 
John M. Jeffries, Wilmington, Del. 
Jack C. Pierce, New York 

Henry E. Swanson, Pioche, Nev. 


Junior 
Robert H. Berglund, Silverton, Idaho 


REINSTATEMENT—CHANGE OF STATUS 
Associate to Member 


W. A. Bates, Potrerillos, Chile 
Richard G. Schaal, Hales Corners, Wis. 
W. F. Stowasser, Jr., Milwaukee 


Junior to Member 


Robert W. Geehan, Rolla, Mo. 

Chas. M. McConnell, Carisbad, N. M. 
Wayne A. McCurdy, Bethesda, Md. 
Richard B. Nelson, Moab, Utah 

Robert L. Stark, Denver 

John D. Swearingen, Mill Valley, Calif. 


Student te Memb 


Earle M. Bagley, Jr., San Andreas, Calif. 
Douglas F. Crickmer, Bluefield, W. Va. 
Douglas H. Fenske, Bartow, Fla 

James H. Hulbert, Palmer, Alaska 
George M. Jones, Birmingham, Ala. 
Arnott J. Lee, Falls Church, Va. 

L. E. Sausa, Bishop, Calif 

Robert E. Shafer, Page, Idaho 

Theodore M. Szmyd, Victorville, Calif. 
Wilmer H. Witt, Bishop, Calif. 


Student te Junior 
John M. Anderson, San Anselmo, Calif. 


To the Members 
of the American 
Institute of Mining, 
Metallurgical, and 
Petroleum Engineers 


Inc.: 


The regular Annual Business 
Meeting of the Institute will 
be held on Tuesday afternoon, 
the 26th day of February 1957 
following the All-Institute ses- 
sion at the Annual Meeting of 
the Institute in New Orleans. 


Since the Annual Business 
Meeting in 1957 will be held on 
the fourth Tuesday of Febru- 
ary instead of the third Tues- 
day as the Bylaws direct, due 
notice is hereby given of this 
change. 


By Order of the Board, 
Ernest Kirkendall, Secretary 


Dated: Nov. 16, 1956 
New York, N. Y. 
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1931 


Appraisals 
Assayers 
Chemists 
Construction 
Consulting 


Geophysicists 
Drilling 

Management 
Metallurgical 


Professional Services 


Space limited to AIME members or to com ies that have 
least one mem on their staffs. One ah $40 per 


Designing 


ADAIR, BAILEY & VAN HORN 
Minerals ~ 

Mining Ore Dressing 
"Box 221, Murphy, N. C. 


half inch, $25 payable in advance. 


RAPHAEL G. KAZMANN 
em Ground-W ater Engineer 
Stuttgart, Arkansas 


Reports 
Valuations 


SIDNEY S. ALDERMAN, JR. 
Consulting 
814 Newhouse B "eel, 
Salt Loke City 11 
Telephone: Elgin 9.0976 


JAMES A. BARR 
Consulting Engineer 
Mt. Pleasant, Tennessee 


Cc. P. KEEGEL 
Mining and Metallurgical Engineer 
Administration P 
Specializing in Management and 
Consultation in Latin America 
1721 Se. 14th St., Las Vegas, Nevada 
Telephone DUdley 4-6981 


WILLIAM J. SHEDWICK, JR. 


Mine and Geologic Reports 

Mexico and Latin America 

New Jersey License 2744-0 
Reforma 20-302 Mexico 1, D.F 


CLOYD M. SMITH 
Mining Engineer 
Mine Examinations 
Ventilation Surveys 
Munsey Building Washington 4, D.C. 


Philip J. Baukol 


INDUSTRIAL . . 


131 Univers ty Ay Berkeley 4, Calif 


KELLOGG EXPLORATION COMPANY 


Air, Ground ny and ‘Interpretation 
3401 No. Marengo, Altadena, Calif. 
Sycamore 4-1973 


LEO H. TIMMINS, P. Eng. 
MINING ENGINEER 
— 
inancing of Prospects 
Suite 700 1980 Sherbrooke, Montreal 
Phone Glenview 2376 


BEHRE DOLBEAR & COMPANY 
Consulting Mining Engineers 
and Geologists 
1l Broadway New York 4, N. ¥. 


KELLOGG KREBS 
Mineral Dressing Consultant 
564 Market St., San Francisco 4, Calif. 


BLANDFORD C. BURGESS 
Registered Professional Engineer 
Mining Consultant 
Menticello, Georgia 


Consutting COIN 
consulting 

\-lath Street sw, Peres 
Birmingham, Alo. Phone 56-5566 


GODFREY B. WALKER 
Metallurgical Consultant 


Mineral Dressing & Extractive 
Metallurgy 
Heavy Media a Specialty 
27 Lockwood Drive Old Greenwich, Conn. 


COWIN & COMPANY, INC. 
inking Mine Development 
Plant Construction 
1- + Street SW, 
Birmingham, A Phone 56-5566 


LEDOUX & COMPANY 
Chemists 
SHIPPERS REPRESENTATIVES” 


Mine Examination Anal 
359 Alfred Ave. Teaneck, Sew 


‘oscopists 


O. W. WALVOORD CO. 
Mill-Design and Construction 
401 High St. Denver 3, Cole. 


CLIFFORD R. WILFLEY 
Consulting Mining Engineer 


2233 Grape St. Denver 7, Colorade 


RENE ENGEL 
Consulting Geologist 
1222 Blair Avenue 
South Pasadena, California 
Telephone: ALbany 0912 


CONSULTING 


JOSEPH T. MATSON 
MINING ENG 
Examinations—Appraisals 


Operations 
P. O. Box 170 Santa Fe, New Mexico 


DAVID LeCOUNT EVANS 
Mining Geol Petroleum Geology 
314 Brown B Wichita, Kansas 
Tel.: AMherst 2-8954 or 3-6437 


CLAYTON T. McNEIL, E. M. 
Consulting Mining Engineer 
822 Bank of America Bldg. 
Tel. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 


CLYDE H. WILSON 
MINING" ENGINEER AND GEOLOGIST 


GEOLOGICAL 2 GEOPHYSICAL SURVEYS 
Mineral Deposits + Petroleum 
Ground Water 
366 South Fifth East, Salt Lake City 2, Utah 


HOWARD M. FOWLER 
MINING ENGINEER 
P.Eng.: _ Columbia & Alaska 
408 Rogers . Vancouver, B. C. 
Te one: Tatlow 0729 
Aircraft — Scintillometer equipped 


ARNOLD H. MILLER 
Consulting Engineer 
Mine, Mill and Industrial Investigations 
Improvement Design and Recommendations 
Cable: “ALMIL” Tel. Cortlandt 7-0635 
120 Broadway New York 5, N. Y¥. 


HARRY J. WOLF 
Mining and Consulting Engineer - 
Examinations—Val 
One Park Place, New York 7, N. ¥ 
Cable: MINEWOLF Tel. Rector 


CARLTON D. HULIN 
Mining Geology 
7 Ardilla Road Orinda, California 


O'DONNELL & SCHMIDT 
Mining Consultants 
165 Broadway Tel. BArclay 7-6960 
New York 6, N. Y. Cables: EXAMIMINES 


NEWELL G. ALFORD 
Consulting Mining Engineer 


Pp 
Coal 


GUY E. INGERSOLL 
Registered Professional Engineer 
in Texas, Arizona and New Mexico 
Mine Examinations Toy Coots ical Re = 
5505 Timberwolf Drive Paso, 


AMEDEE A. PEUGNET 


705 Chestnut St. St. Leute 1, Me. 


C. PHILIP JENNEY 
Consulting Geologist 
372 Lakeshore Hy. W. 
Oakville Ontario 
Victor 4-9413 


PHILIP L. JONES 
Consultant 
Mineral Economics & Mineral Dressing 
Heavy Media Specialist 
405 Miners Bank Bldg. Joplin, Mo. 
Tel. MAyfair 3-7161 


LUCIUS PITKIN, INC. 
Mineralogists 
Assayers—Chemists—Spectroscopists 
Shippers’ esentatives 
PITKIN BLDG-, 47 FULTON ST., NEW YORK 
Cable Address: Niktip 


ALLEN & GARCIA COMPANY 


42 Years’ Service to the 
Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 
Authoritative Reports and Appraisals 
332 S. MICHIGAN AVE., CHICAGO 


120 WALL ST., NEW YORK CITY 


Consulting 
MILNOR ROBERTS Mining = 
The Pacific Northwest, 
British Columbia and 
4501 15th Ave., N.E. Seattle, Wash. 


BALL ASSOCIATES 
Oil, Gas and Minerals Consultants 
las Ball aoe W. Fertig 
R. H. Fulton Alan M. Bieber 
A. S. Wyner 


ices 
C. A. Johnson Bidg. 
Denver, Colo 
Alpine 5-4878 


1025 Mg Ave. 
Washing D. 
STerling 
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B. B. R. DRILLING CO. 
Nationa! Road West 
St. Clairsville, Ohio 
Diamond Core Drilling - 
Contractors 
Mineral Foundation 
Cores Guaranteed Testing 


CENTENNIAL DEVELOPMENT CO. 
Consulting Mining Engineers 
and Contractors 


Shaft Sinking — Tunnel Driving 
Mine Development 


Eureka, Utah Phone 560 


KNOWLES ASSOCIATES 
Chemica! - Metallurgical - Mechanical 
ENGINEERS 
URANIUM ORE PROCESSING 
ECONOMIC STUDIES - MILL DESIGN 
19 RECTOR ST. NEW YORK (6) N. Y. 


LEGGETTE, BRASHEARS & GRAHAM 


Consulting Ground-Water Geologists 
Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue, New York 17, N. Y. 


EAVENSON, AUCHMUTY & 
SUMMERS 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2720 Koppers Bidg. Pittsburgh 19, Pa. 


ROBERT S. MAYO 
Civil Engineer Lancaster, Pa. 
Specializing in Concrete Lining of 
Tunnels, Haulageways and Shafts. 
Special Equipment for Subaqueous 
Construction. 


AFEE and 


Consulting Engineers 


FOR EXACT QUANTITATIVE FLOWSHEET DATA 
3105 Wilshire Boulevard Los Angeles 
DUnkirk 9674 CABLE MACAFEE 


FAIRCHILD AERIAL SURVEYS, INC. 


Airborne Magnetometer & Gradiometer 
Surveys, Topographic Mapping, Aerial 
Photography, and Photographic Mosaics 
for Mining Exploration. 


224 E. 11th St. 30 Rockefeller Plaza 
Los Angeles New York 


E. J. LONGYEAR COMPANY 


Geological and Mining Consultants 


Pp a 
Photogeology 
Foshay Tower Mpls. 2, Minn. 
Graybar Bidg. A ‘ 
Colorado Bldg. 

Shoreham Bidg 


PENNSYLVANIA DRILLING 
COMPANY 


PITTSBURGH 20, PA. 
DRILLING CONTRACTORS and 
MANUFACTURERS 

We prospect coal and mineral land 
anywhere in North and South America. 

Core borings for foundation testing; 
dams, bridges, buildings, etc. 


— 


PRODUCTION AND MANAGEMENT 
SPECIALIST 


ROGER V. PIERCE 
Underground Mining Methods, Cost 
Cutting Surveys—Production Analysis 
—Mine Mechanization—Mine Manage- 
ment. 

808 Newhouse Bidg. EMPIRE 3-5373 

Salt Lake City 4, Utah 


SHENON AND FULL 
Consulting Mining Geologists 


700 Newhouse Building 
Salt Lake City 11, Utoh 


Philip J. Shenon Roy P. Full 


M. G. SMERCHANSKI 
Cc ing Mining 
Professional 
Geological Surveys 
& Development 


411 Childs Bi Winnipeg 


GRAFF ENGINEERING 
COMPANY 
Mining Engineers and Surveyors 
39 E. Campbell St. Blairsville, Pa. 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 
Shippers Representatives 


624 Sacramento Street 
SAN FRANCISCO 


R. S. MC CLINTOCK 
DIAMOND DRILL CO. 
Spokane, Wash. — Globe, Ariz. 
Diamond Core Drill Contractors 
Manufc -turers of Diamond Bits and 
Drilling Accessories 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 


Cenveyor Systems Storage Methods 
Crushing Plants Ship Loading Docks 
Materials Handling and 
Processing Plants 


308 W. Washington St. Chicage 6, Ill. 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 
Diamond Drill Contractors and 
Manufacturers 
Core borings for testing mineral 
deposits in any part of the world. 


STILL & STILL 
Consulting Mining Engineers and 
eologists 
24 Union Block — Phone 658 
P.O. Box 1512 
Prescott, Arizona 


- 


JOHN D. MORGAN, JR., E. M., PH. D. 
Consultant 
Business and Defense Problems 
in Metals, Minerals, and Fuels 
724 14th St., N.W., Washington 5, D.C. 
ME 8-168] 


JOHN D. HESS 
Consulting Geologist 
@ Investigations Logging 


@ Reports Surve’ 
tudies 
Laboratory Facilities 
EL CENTRO, CALIFORNIA 


H. L. TALBOT 
Consulting Metallurgical Engineer 
Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 330, 84 State Street 
Boston 9, Mass. 


HOPKINS EXPLORATION CONSULTANTS 
607-320 Bay St. Toronto 1 
EM. 4-5642 HU. 9-8375 
Branches 
Algoma Mills and Timmins, Ont. 
Uranium City, Saskatchewan 


J. B. MORROW 
COAL CONSULTANT 
Oliver Bidg. Pittsburgh, Pa. 


DIAMOND CORE DRILLING 
CONTRACTORS 


Testing Mineral Deposits 
Foundation Borings 


MOTT CORE DRILLING CO. 
Huntington, W. Va. 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 


Design and Construction 
20 No. Wacker Drive Chicago 6, Ill. 


DIAMOND CORE DRILLING 
BY CONTRACT 
and world’s largest manufacturer 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground. 
JOY MANUFACTURING CO. 
Contract Core Drill Division 
Michigan City, Indiana 


Frenk M. Murphy & Associates, Inc. 


J. W. Woomer & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 
Henry W. Oliver Bidg., Pittsburgh, Pa. 


— 
— 


WORLD MINING CONSULTANTS, 
INC. 
Consulting Mining Engineers 
and Geologists 
220 Broadway, New York 38, N. Y. 
Worth 2-2934 
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Jan. 7-9, 1957, AIME Minnesota Section, an- 
nual meeting, and University of Minnesota 
18th Annual Mining Symposium, Duluth. 


Jan. 9-11, Fifth Annual Seminar on Spectro- 
scopy and Southern Assn. of Spectrograph- 
ers’ Annual Meeting, University of Florida, 
Gainesville, Fla. 


Jan. 17-18, EJC, annual meeting, Statler Ho- 
tel, New York. 


Feb. 7-9, Colorade Mining Assn., Denver. 


Feb. 24-28, AIME Annual Meeting, Roosevelt 
and Jung Hotels, New Orleans. 


Mar. 10-16, EJC Second Nuclear Enginee 
and Science Congress, Convention Hall, 
Philadelphia. 


Mar. 25-29, ASM, 10th Western Metal Expo- 
sition and Congress, Pan-Pacific Audito- 
rium and Ambassador Hotel, Los Angeles. 


Apr. 1-4, American Assn. of Petroleum Geolo- 
annual meeting, Kiel Auditorium, St. 
uis. 


Apr. 5, 6, AIME Pacific Southwest Mineral 
Industry Conference. Sponsored by Nevada 
Section, cosponsored by San Francisco and 
Southern California Sections. Reno. 


Apr. 8-10, AIME, National Open Hearth Steel 
and Blast Furnace, Coke Oven, and Raw 
Materials Conferences, Penn-Sheraton Ho- 
tel, Pittsburgh. 


Apr. 11-13, AIME, Pacific Northwest Regional 
ee, Multnomah Hotel, Portland, 
re. 


Apr. 22-24, Second Annual Sym um on 
Rock Mechanics, Colorado School of Mines, 
Golden, Colo. 


Apr. 22-24, a annual meeting, Ottawa, 
Ont., Cana 


May 13-16, Ceal Convention and Exposition 
of the American Mining Congress, ity 
Auditorium, Cleveland. 


June 16-21, ASTM, annual meeting, Chal- 
Hall Hotel, Atlantic City, 


Sept. 8-Oct. 9, Commonwealth Mining and 
Metallurgical Congress, British Columbia to 
Nova Scotia, Canada. 


Sept. 9-12, American Mining Congress, an- 
nual convention, Utah and Newhouse Ho- 
tels, Salt Lake City. 


Sept. 18-21, International Mineral Dressing 
ongress, Royal Inst. of Technology, Stock- 
holm, Sweden. 


Oct. 6-9, AIME, Petroleum Branch, Dallas. 


Oct. 9-11, ASME-AIME Coal Div., Joint Solid 
— Conference, Ch Fr Que- 


Oct. 15-18, Northeastern Mining Branch Con- 
ference, Hillsboro Hotel, Tampa, Fila. 


Oct. 30-Nev. 1, AIME, Recky Moutain Miner- 
als Conference, Denver. 


Nov. 4-6, AIME, IMD Fall Meeting, Morrison 
Hotel, Chicago. 


Nov. 11-14, Seciety of Exploration Geophysi- 
cists, 27th Annual Meeting, Statler-Hilton 
Hotel, Dallas. 


Dec. 4-6, AIME, Electric Furnace Steel Con- 
ference, Penn-Sheraton Hotel, Pittsburgh. 
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Allis-Chalmers Mfg. Co. 
Construction Machinery Div. 
Bert S. Gittins Adv., Inc. 
Allis-Chalmers Mfg. Co. 
Industrial Equipment Div. 
Compton Adv. Inc. 


American Cyanamid Co._ 
James J. McMahon, Inc. 
American Manganese Steel Div. 
American Brake Shoe Co. 

Fuller & Smith & Ross, Inc. 


Anaconda Co., The 7. 
Kenyon & ‘Eckhardt, Inc. 


Armour & Co. came 
Foote, Cone & Belding 


Atlas Copco Aktiebolag (Sweden) 
Intam Limited 


Boyles Bros. Drilling Co. stad 
Adamson, Buchman & Associ 


Bert S. Gittins Adv. 


Caterpillar Tractor Co. 
N. W. Ayer & Son, Inc. 
Chain Belt Co. 
The Buchen Co. 


Colorado Fuel & Iron Corp., The 
Doyle, Kitchen & McCormick, Inc. 


Colorado Iron Works Co. 
Walter L. Schump, Adv. 


Deister Concentrator Co. 
Louts B. Wade, Inc. 


Denver Equipment Co. 
Galen E. Broyles Co., Inc. 

Detroit Diesel Engine Div... 
Kudner Agency, Inc. 


DeZurik Corp. 
The Stockinger Co. 


Dorr-Oliver Inc. 
Sutherland-Abbott Adv. 


Dow Chemical Co., The 
MacManus, John & Adams, ‘Inc. 


Dow Corning Corp. 
Church and Guisewite Adv. “Inc. 


Eimco Corp., The 
Matste Co. 


42, 43 


Third Cover 


Equipment Engineers, Inc. 
Norton M. Jacobs Adv. 


Flexible Steel Lacing Co... =. 
Kreicker & Meloan, Inc. 
Gardner-Denver Co. 
The Buchen Co. 


Geophysical Instrument & Supply Co. 


Hal Niemann Assoc. 

Hardinge Co., Inc. 
Adams Associates, Inc. 

Hercules Powder Co. 
Fuller & Smith & Ross, Inc. 

Hough Co., The Frank G. 
Ervin R. Abramson Adv. 

Houston Technical Labs... 
B-M-R-T, Inc. 

Humphreys Investment Inc. 
Ed M. Hunter & Co. 

Ingersoll-Rand Co. 2 
Marsteller, Rickard, Gebhardt & Reed Inc. 


International Nickel Co., Inc... 
Marschalk & Pratt 


Jeffrey Mfg. Co. 
The Griswold-Eshleman Co. 


Joy Mfg. Co. 
W. S. Walker Adv Inc. 


Kennametal Inc. 
Ketchum, MacLeod & Grove, Inc. 
Kennedy-Van-Saun Mfg. & 
Engrg. Corp. 
Rea, Fuller & Co., Inc. 
Le Roi Division 
Westinghouse Air Brake Co. 
Hoffman & York, Inc. 


LeTourneau-Westinghouse Cc. 
Andrews Agency, Inc. 


Longyear Co., E. j. 
Savage-Lewis, Inc. 

Mace Co. 

Mayo Tunnel & Mine Redanee 
The Godfrey Agency 

McDowell Company Inc. 
Clifford A. Kroening, Inc. 


Metal Carbides Corp. a 
Meek and Thomas, Inc. 


Michigan Chemical Corp... 
Wesley Aves & Associates 


Mine & Smelter Supply Co. 
Walter L. Schump, Adv. 


Mine Safety Appliances Co. Fourth Cover 
Ketchum, MacLeod & Grove, Inc. 

Nagle Pumps, Inc. ; 
Tri-State Adv. Co., Inc. 


Naylor Pipe Co... 
Fred H. Ebersold, Inc. 


Nordberg Mfg. Co. _. 
Russell T. Gray, Inc. 
Northern Blower Co. 

Carr Liggett Adv., Inc. 


Rohm & Haas Co. 
Arndt, Preston, Chapin, Lamb 
& Keen, Inc. 


Sanford-Day Iron Works 
Charles S. Kane Co. 
Sauerman Bros. Inc._ 
Symonds, MacKenzie «& Co. 
Sheffield Steel Co. 
Potts « Woodbury, Inc. 
Simplicity Engineering Co. 
Price, Tanner & Willox, Inc. 
Smidth & Co., F. L. 
The Stuart Co. 
Spencer Chemical Co. 
Bruce B. Brewer & Co. 


Sprague & Henwood, Inc. 
Anthracite Adv. 


Stearns-Roger Mfg. Co. 
Reimer & Williamson “Agency, 


Syntron Company. 
Servad, Inc. 


Texas Gulf Sulphur Co. 
Sanger-Funnell, Inc. 
Texas Instruments Incorporated 
Don L. Bazxter, Inc. 
Thor Power Tool Co. 
Roche, Williams & Cleary, ‘Inc. 
Traylor Engrg. & Mfg. Co. 
The William B. Kamp Co. 
Tyler Co., W. S.. 109 


Western Machinery. 
Boland Associates 


Wilfley & Sons, inc., A. R. 
Ed M. Hunter & Co. 


Wilkinson Rubber Linatex, Ltd... 108 
Greenlys Ltd. 


Yuba Mfg. 
Geo. C. McNutt Adv. 
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DENVER 
GAN SUPPLY 


EQUIPMENT 3 
For your MILL 


One Responsibility 


Crushers, Screens, Feeders, Ball-Rod 
Mills, Classifiers, Jigs, Pumps, 
Samplers, Agitators, Condi- 
tioners, Flotation, Thicken- 

ers, Filters, Dryers, Ore 
. Testing and Mill De- 
sign Services. 


7 tow DENVER SRL (Soft Rubber Lined) PUMPS 


CAN CUT YOUR PUMPING COSTS...for abrasive 

pulps or tailings 

1. POWER COSTS CUT 
Denver SRL Pumps often use less than one-half the brake 
horsepower required by other pumps in similar service. 
This is the result of simplified design and high efficiency 


of molded rubber parts. This means substantial savings for 
you in power costs and maintenance. 


2. SHUTDOWN TIME REDUCED 


Because molded rubber parts are highly resistant to corro- 
sion and abrasion, case history records show where Denver 
SRL parts lasted up to 15 times longer than parts on pumps 
previously on the same service. This means increased pro- 
duction, savings for you in maintenance costs—and, more 
important, reduced down time. 


3. A PUMP FOR EVERY JOB 


Denver SRL Rubber Lined Pumps are available to you for 
standard or heavy duty service and with capacities up to 
2400 g.p.m. You can choose exactly the right pump that 
will do your pumping job most efficiently, most economi- 
cally. Parts for all sizes are kept in stock for fast service. 


If you have abrasive or corrosive material to pump, you can 
make substantial savings by using Denver SRL Rubber 
Lined Pumps. For complete information about what Denver 
SRL pumps can do for you, WRITE TODAY FOR FREE 
BULLETIN P9-B8. MOST SIZES OF SRL PUMPS IN 
DENVER STOCK. 


DENVER VERTICAL 
CENTRIFUGAL SAND 
PUMP ... for use where 


. Feed is intermittent. 

. Pulp is frothy or air laden. 

Feed varies in density. 

. Floor space is limited. 

. Plant portability is an advantage. 
Long life is a factor. _ 

. Initial cost must be minimum. 

. Feed sump is impractical. 

Sizes from \%” to 4”. Also Denver Adjust- 
able Stroke Diaphragm Pumps from 2” 
to 8”, simplex and multiple units. 


For complete information, WRITE FOR 
BULLETIN NO. P10-B5. 


EQUIP 


1400 Seventeenth St. « Denver 17, Colorado 
DENVER + NEW YORK + CHICAGO + VANCOUVER + TORONTO 


MEXICO, D. F. * LONDON + JOHANNESBURG 
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RESPIRATORY Equipment 
Puts you in 


Emergencies! 


CHEMOX * 


eae Inside emergency efforts play an important role in the success of 

See =the overall rescue operation. The M.S.A. Chemox permits safe 
< aan travel through any gaseous or oxygen deficient area with the 
complete assurance that breathing is fully safeguarded. All the 
wearer does is breathe—the Chemox generates its own oxygen 
supply from a replaceable canister that can be stored indefinitely 
and can be put into service in seconds. Weighing only 13% lbs., 
it is designed for freedom of movement. U. S. Bureau of Mines 
Approved. Bulletin No. B-14. 


M-S-A SELF-RESCUER 


For immediate breathing protection in 
emergencies caused by fire or explosion, 
M.S.A. developed the Self-Rescuer. 
This approved safety item provides the 
precious minutes of emergency breath- 
ing protection £o vital to those traveling 
through carbon monoxide contami- 
nated atmosphere to fresh air. 

The Self-Rescuer is available in indi- 
vidual carrying cases or in Cache Assem- 
blies for storage in working sections, 
on mantrip cars and along conveyor 
lines. U. S. Bureau of Mines Approved. 
Bulletin No. BC-1. 


M-S-A PNEOLATOR 


Assures maximum chances of recovery to those overcome by 
poisonous gases, electric shock, or asphyxiated from any other 
causes. Automatically inflates the lungs with oxygen—con- 
tinuously, rhythmically, effectively, safely. No suction cycle— 
exhalation takes place by the normal passive recoil of the res- 
piratory muscles and lungs. Bulletin No. CH-3. 


M-S-A McCAA TWO-HOUR 
OXYGEN BREATHING APPARATUS 


Under the hardest physical conditions, 
so often required in fighting and sealing 
mine fires, re-establishing ventilation, and 
rescue opefations, this apparatus gives 
the wearer complete breathing protection 
in any unbreathable atmosphere for a 
minimum of two hours. U. S. Bureau of 
Mines Approved. Bulletin No. BB-3. 


M-S-A “ALL-SERVICE” MASK 


In toxic atmospheres where there is sufficient 
oxygen, this dependable mask provides 
breathing protection against smoke, poison- 
ous gases and fumes (including carbon 
monoxide), singly or in combinaticn, Bul- 
letin No. EA-8. 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue, Pittsburgh 8, Pa. 
At Your Service: 76 Branch Offices in the United States 


MINE SAFETY APPLIANCES CO. OF CANADA, LIMITED 
Toronto, Montreal, Calgary, Edmonton, Winnipeg, Vancouver, 
Sydney, N.S. 

Representatives in Principal Cities in Mexico, Central and South America 
Cable Address “MINSAF” Pittsburgh 


Whee you have « safety problem, MSA. is at your service. 
Qur job is to help you. 


4 
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: 
SAFETY EQUIPMENT HEADQUARTERS 


